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PREFACE. 


This  Work  is  intended  for  the  use  of  Engineers  desirous  of  ob- 
taining Certificates  of  Competency,  either  as  Second-Class  or 
First-Class  Engineer.  The  Work  is  drawn  up  with  a  view  to  self- 
insiruction,  or  for  the  use  of  Schools. 

It  contains  rules  for  working  out  the  several  Problems  that  are 
presented  to  candidates,  with  model  solutions  of,  and  numerous 
exercises  to  each  Problem.  A  number  of  Examination  Papers  are 
also  given.  The  chapter  on  the  'indicator"  is  illustrated  by  a 
large  number  of  choice  Diagrams,  taken  from  Engines  by  the  most 
eminent  makers — including  some  from  the  Screw  and  Paddle  En- 
gines of  the  Great  Eastern;  H.M.S.S.  Nile;  the  hon-clzd  Research; 
the  R.M.S.S.  China;  the  Sea  King  (Confederate  Cruiser);  the  S.S. 
Hansay  &c.,  &c. ;  also  some  rare  and  valuable  ones  from  a  Com- 
pound  Marine  Engine  by  Messrs.  Rowan  &  Co.,  &c.  This  species  of 
engine  combines  the  various  improvements  of  a  high  pressure  of 
steam  with  superheating  and  surface  condensation,  and  is  reported 
by  Professor  Rankine  to  have  acted  with  a  smaller  consumption  ot 
fuel  than  has  been  hitherto  attained  in  any  engine  whatever. 

The  mode  of  reading  Indicator  Diagrams  is  fully  treated  of,  and 
also  practical  hints  are  given  as  to  the  important  information  to  be 
obtained  from  them.  It  also  contains  chapters  on  Surface  Con- 
densers, Superheated  Steam,  Proportions  of  Engines,  and  such 
other  related  subjects  as  are  required  for  the  viva  voce  Examina- 
tions. 

The  Answers  are  given  in  full  at  the  end  of  the  book,  with 
copious  details  of  the  intermediate  parts  of  the  solution. 

T.  L.  A. 
South  Shields,  yuly  istb,  1865. 


ADVERTISEMENT  TO  SEVENTEENTH  EDITION. 


In  the  present  Edition  of  the  Engineers'  Manual  an  attempt  has  been 
made  to  adapt  it  to  the  present  requirements  of  the  Board  of  Trade 
Examinations.  The  Examination  Papers  are  a  selection  from  some 
of  those  which  have  been  given  to  Candidates  at  the  Examinations. 

T.  L.  A. 
March  j^A,  1880. 
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EXAMINATION    OF    ENGINEERS 
FOR    CERTIFICATES    OF    COMPETENCY, 

Under  the  Merchant  Shipping  ActSf  Sfc,^  Amendment  Aetf  1862. 


I.  Under  the  proYiBions  of  the  '*  Merohant  Shipping  Acta,  &o^  Amendment  Aot,  1863," 
no  "  Foreign-going  Steam  Ship/'  or  "  Home  Trade  Passenger  Steam  Ship,  can  obtain  a 
clearance  or  tronsire,  or  legally  proceed  to  sea,  from  any  port  in  the  United  Kingdom, 
nnless  in  the  case  of  a  Foreign-going  Steam  Ship  of  100  nominal  horse-power  or  upwaids, 
the  First  and  Second  Engineers,  and  in  the  case  of  a  Foreign-going  Steam  Ship  of  leis 
than  100  nominal  horse-power,  or  a  Home  Trade  Passenger  Steam  Ship,  the  First  or  Only 
Engineer  (as  the  case  may  be),  have  obtained  and  possess  valid  Certificates  either  of  com- 
petency or  service  appropriate  to  their  several  stations  in  such  Steam  Ship,  or  of  a  higher 
grade. 

a.  Every  person  who,  having  been  engaged  to  serve  as  First  or  Second  Engineer  in  a 
Foreign-going  Steam  Ship  of  100  nominal  horse-power  and  upwards,  or  as  First  or  Only 
Engineer  in  a  Foreign-going  Steam  Ship  of  less  than  100  nominal  horse-power,  or  in  a 
Home  Trade  Passenger  Steam  Ship,  goes  to  sea  as  such  First,  Second,  or  Only  Engineer, 
without  being  at  the  time  entitled  to  and  possessed  of  such  a  Certificate  as  the  Act  requires, 
or  who  employs  any  person  as  First  or  Second  Engineer  in  a  Foreign-going  Steam  Ship  of 
100  nominal  horse-power  and  upwards,  or  as  First  or  only  Engineer  in  a  Foreign-going 
Steam  Ship  of  less  than  100  nominal  horse-power,  or  a  Home  Trade  Passenger  Steam  Ship, 
without  ascertaining  that  he  is  at  the  time  entitled  to  and  possessed  of  such  Certificate,  for 
each  offence  incurs  a  penalty  not  exceeding  fifty  pounds. 

3.  The  Certificates  of  Engineers  are  of  two  descriptions,  viz..  Certificates  of  Competency, 
and  Certificates  of  Service ;  and  for  each  description  of  Certificate  there  are  two  grades, 
viz.,  "  First-class  Engineer's  Certificates,"  and  ^'  Second-class  Engineer's  Certificates/' 

4.  Certificates  of  Competency  will  be  granted  to  those  persons  who  pass  the  requisite 
examinations,  and  otherwise  comply  with  the  requisite  conditions.  For  this  purpose 
Examiners  have  been  appointed  by  the  Board  of  Trade,  and  arrangements  have  been  made 
for  holding  the  examinations  in  the  places  and  at  the  times  named  in  the  Table  marked  A 
on  page  4.  The  Examiners  are  selected  generally  from  the  Engineer  Surveyors  of  the 
port;  but  no  Engineer  Surveyor  is  to  undertake  the  duty  unless  he  receives  special 
instructions  from  the  Board  of  Trade. 

5.  The  application  for  examination  is  to  be  made  on  Form  Exn.  3.  The  same  Bules  are 
to  be  observed  by  Engineers  in  making  application  to  be  examined,  in  paying  the  fees,  and 
in  forwarding  testimonials,  as  in  the  case  of  applications  by  Masters  and  Mates. 

QUALTFIOATIONS  FOE  OEETTBICATES  OF  COMPETENOT. 

6.  Second-class  Enginser.— A  candidate  for  a  Second-class  Engineer's  Certificate  must 
be  21  years  of  age; 

(a)  He  must  have  served  an  apprenticeship  to  an  Engineer,  and  prove  that  during  the 
period  of  his  apprenticeship  he  has  been  employed  on  the  making  and  repairing  of 
engines :  Or  if  he  has  not  served  an  apprenticeship,  he  must  prove  that  for  not 
less  than  three  years  he  has  been  employed  in  some  fSsu^torj  or  workshop  on  the 
making  or  repairing  of  engines.  In  either  case  he  must  also  have  served  one  year 
at  sea  in  the  Engine  Boom ;  or 

(Q    He  moflt  have  B«nred  at  least  lour  years  at  sea  in  the  Engine  Boom. 
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(0)    He  must  be  able  to  give  a  description  of  boilers,  and  the  methods  of  staying  them, 

together  with  the  use  and  management  of  the  different  valves,  cocks,  pipes,  and 

connexions. 
{(X)    He  must  understand  how  to  correct  defects  from  accident,  decay,  &c.,  and  the  means 

of  repairing  such  defects, 
(tf)    He  must  understand  the  use  of  the  barometer,  thermometer,  hydrometer,  and  sali- 

nometer. 
(/)    He  must  state  the  causes,  effects,  and  usual  remedies  tor  incrustation  and  corroHion. 
{g)    He  must  be  able  to  state  how  a  temporary  or  permanent  repair  could  be  effected  in 

case  of  derangement  of  a  part  of  the  machinery,  or  total  break  down. 
(A)    He  must  write  a  legible  hand,  and  understand  the  first  five  rules  of  arithmetic,  and 

decimals. 
(•}     He  must  be  able  to  pass  a  creditable  examination  as  to  the  various  constructions  of 

paddle  and  screw  engines  in  general  use ;  as  to  the  details  of  the  different  working 

parts,  external  and  internal,  with  the  use  of  each  part. 

7.  Tint-elMi  Sngineer.—A  candidate  for  a  First-class  Engineer's  Certificate  must  be 
aa  years  of  age. 

In  addition  to  the  qualification  required  for  a  Second-class  Engineer, 

(a)  He  must  either  possess,  or  be  entitled  to  a  First-class  Engineer's  Certificate  of 

Service ;  or  in  the  event  of  his  not  being  so  possessed  or  entitled  he  must  have 
served  for  one  year  with  a  Second-class  Engineer's  Certificate  of  competency. 
By  this  it  is  intended  that  the  same  rtde  shall  be  observed  in  the  examination  of 
engineers  who  are  not  in  possession  of  a  First-class  Certificate  of  Service,  as  is 
observed  in  the  examination  of  masters  and  mates ;  viz., — that  before  the  certificate 
of  a  higher  graded  granted,  certain  service  in  the  lower  grade  must  be  performed. 

The  Examiner  should  therefore  be  satisfied  that  applicants  for  the  First-class 
Engineer's  Certificate  have  not  only  been  in  possession  of  a  Second-class  Certificate 
for  twelve  months,  but  that  they  have  actually  served  for  a  period  of  not  less  than 
twelve  months,  in  the  engine-room,  with  a  Second-class  Certificate,  in  the  capacity 
of  a  second  engineer,  and  that  their  names  have  been  entered  in  the  articles  of 
agreement^  accordingly. 

(b)  He  must  be  able  to  make  rough  working  drawings  of  the  different  parts  of  the 

engines  and  boilers. 
(0)    He  must  also  be  able  to  take  off  and  calculate  indicator  diagrams. 
(d)    He  must  be  able  to  calculate  safety-valve  pressures,  and  the  strength  of  the  boiler. 
(#)     He  must  be  able  to  state  the  general  proportions  borne  by  the  principal  parts  of  the 

machinery  to  each  other. 
(/)  He  must  be  able  to  explain  the  method  of  testing  and  altering  the  setting  of  the 

slide  valves,  and  o£  testing  the  fisdmess  of  the  paddle  and  screw  shafts  and  of 

adjusting  them. 
{g)    He  must  be  conversant  with  ma&uoe  condensation,  superheating,  and  the  working 

of  steam  expansively. 
(h)    His  knowledge  of  arithmetio  must  include  the  mensuration  of  superficies  and  solids 

and  the  extraction  of  the  square  root. 

8.  An  Extra  First-class  Engineer's  Examination  is  voluntary,  and  is  intended  for  such 
persons  as  wish  to  prove  their  superior  qualifications,  and  are  desirous  of  having  Certificates 
for  the  highest  grade  granted  by  the  Board  of  Trade. 

The  candidate  must  be  entitled  to  or  possessed  of  a  First-class  Engineer's  Certificate  of 
Competency,  and  in  addition  to  the  qualifications  required  for  a  First-class  Engineer : 

(0)  He  must  possess  a  thorough  knowledge  of  the  construction  and  working  of  marine 
engines  and  boilers  in  all  their  parts,  and  be  so  fiu  acquainted  with  the  elements 
of  theoretical  mechanics  as  to  oomiurehend  the  general  principles  on  which  the 
machine  works. 

(b)  He  must  nndentand  how  to  apply  the  indicator  and  draw  the  proper  oonolualoiui 
from  the  diagxama. 
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(0}    He  mnst  be  acquainted  with  the  principles  of  expansion,  and  able  to  prove,  or  at 

least  to  illoBtrate,  the  use  of  the  expansion  gear. 
(iQ    He  most  be  able  to  draw  rough  sketches  of  any  part  of  the  machinery,  with  figured 

dimensions,  fit  to  work  from. 

GENERAL  RULES  AS  TO  EXAMINATIONS  AND  FEES. 

9.  The  examination  will  be  partly  viva  voa,  and  partly  by  examination  papers.  It  will 
be  directed  specially  to  the  above  points,  and  to  the  duties  and  business  of  an  Engineer 
generally. 

If  the  candidate  passes  the  viva  voce  examination  creditably,  a  set  of  questions  wiU  be 
given  to  work  out. 

He  will  be  allowed  to  work  out  these  questions  according  to  the  methods  he  is  aocnstomed 
to  use,  and  will  be  allowed  five  hours  to  perform  the  work :  and 

(a)  If  at  the  expiration  of  the  time  allowed  he  has  worked  out  correctly  the  whole  of  the 

questions  set  him,  he  will  be  declared  to  have  passed. 

(b)  If  at  the  expiration  of  the  time  allowed  he  has  not  worked  out  the  whole  of  the 

questions  set  him,  but  if  the  result  of  the  viva  voce  examination  taken  in  connexion 
with  the  answers  to  such  of  the  questions  as  he  has  worked  out  are  sufficient  to 
satisfy  ihe  examiner  that  the  applicant  is  competent  to  take  charge  of  engines  of 
100  nominal  horse-power  or  upwards,  he  will  be  declared  to  have  passed. 

{e)    In  other  cases  he  will  be  declared  to  have  fiiiled. 

A  report  of  the  Examination,  and  the  Examination  Papers,  will  be  forwarded  to  the 
Board  of  Trade  on  the  Form  (Exn.  15). 

10.  The  fee  for  examination  must  be  paid  to  the  Superintendent  of  the  Mercantile 
Marine  Office.  If  a  candidate  fail  in  his  examination,  half  the  fee  he  has  paid  will  be 
returned  to  him  by  the  Superintendent  on  his  producing  the  Form  Exn.  17,  which  wiU  be 
given  him  by  the  Examiner.    The  fees  are  as  follows : — 

First-class  Engineer's  Certificate  (whether  extra  or  £    s.    d. 

ordinary) ace 

Second-class  Engineer's  Certificate 100 

For  First-class  Engineer's  Certificate,  if  already  in 

possession  of  a  Second-class  Certificate     ....  100 

11.  If  the  applicant  passes  he  will  receive  a  Form  Exn.  16  from  the  Examiner,  which 
will  entitie  him  to  receive  his  Certificate  of  Competency  from  the  Superintendent  of  the 
Mercantile  Marine  Office  at  the  port  to  which  he  has  directed  it  to  be  forwarded.  If  his 
testimonials  have  been  sent  to  the  Registrar  (General  of  Seamen  to  be  verified,  they  will  be 
returned  with  his  Certificate. 

IS.  If  an  applicant  is  examined  for  the  higher  grade,  and  fidls,  but  passes  an  examination 
of  the  lower  grade,  he  may  receive  a  Certificate  accordingly,  but  ne  part  of  the  fee  will  be 
returned. 

13.  If  the  applicant  fiuls  in  working  out  the  examination  papers,  he  may  present  himself 
finr  re-examination  whenever  he  thinks  he  has  acquired  sufficient  knowledge  to  enable  him 
to  pass.  But  if  he  £uls  in  the  viva  voce  or  practical  part  of  the  examination,  he  may  not 
present  himself  for  re-examination  until  the  expiration  of  three  months  from  the  date  of 
ikOure. 

CERTTPIOATES  OF  SERVICE. 

14.  Every  person  who,  before  the  ist  April,  1 862,  had  served  as  either  First  Engineer  in 
a  British  Foreign-going  Steam  Ship  of  100  nominal  horse-power  and  upwards,  or  who  has 
attained  or  attains  the  rank  of  Engineer  in  the  service  of  Her  Majesty  or  of  the  East  India 
Company,  is  entiUed  to  a  First-class  Engineer's  Certificate  of  Service ;  and  every  person 
who,  b^ore  the  above-mentioned  date,  has  served  as  Second  Engineer  in  any  British 
Foreign-going  Steam  Ship  of  100  nominal  horse-power  or  upwards,  or  as  First  or  only 
Sngineer  in  any  other  Steam  Ship,  or  who  has  attained  or  attains  the  rank  of  First-class 
AMfstant  Engineer  in  the  Service  of  Her  Migesty,  is  entitled  to  a  Second-class  Engineer's 
wnnoiiM  OK  Dffvioo. 


lamination  of  JEngineers 


15.  Applications  for  Certificates  of  Service  must  be  made  on  the  printed  Form  Exn.  22, 
to  be  obtained  free  of  charge  of  the  Registrar-General  of  Seamen,  Adelaide  Place,  London 
Bridge,  London,  or  of  the  Superintendent  of  any  Mercantile  Marine  Office. 

Table  A. 


EXAMINATION  DAYS 

AT 


Places. 
I. 

Days. 

For  Engineers. 
2. 

Bristol 

Second  and  Fourth  Tuesday  in  each  month. 
Thursday  in  each  week. 

Thursday ;  held  alternately  at  each  place. 

First  and  Third  Tuesday  in  each  month. 

Thursday  in  each  week. 

Wednesday  in  each  week. 

First  and  Third  Wednesday  in  each  month. 

First  and  Third  Tuesday  in  each  Month. 

The  last  Monday  in  each  month. 

DUNDBB  

Glasgow* \ 

Gbbbnock* 

Hull     .    .    .    .  - 

lilVBRPOOL* 

London*     

suiblds,  nobth 

Southampton 

Sunderland 

*  At  fhese  places  Enginten*  Extra  ExaminationB  are  held. 


NOTICE  OF  ALTERATION  IN  EXAMINATION  PAPEE8. 

From  the  ist  day  of  February,  1874,  all  candidates  presenting  themselves  for  examination 
will  be  required  to  give  written  answers  to  eight  out  of  a  list  of  ten  questions  selected  from 
Form  Exn.  15  a,  "Elementary  Questions  for  the  first  examinations  of  Engineers  for 
certificates  of  competency,  and  of  Masters  Mates  for  certificates  in  steam."  These  quesfions 
are  intended  to  furnish  a  record  to  some  extent  of  the  candidate's  knowledge  at  the  time  of 
bis  examination,  and  also  to  induce  the  candidates  to  pay  more  attention  to  their  hand- 
writing and  spelling. 

The  Form  Exn.  15  d,  on  which  these  answers  will  be  written,  contains  also  some  questions 
as  to  the  experience  of  the  candidate,  to  be  answered  by  him  in  writing.  A  copy  of  Exn. 
15  h  is  contained  in  Form  Exn.  15  a. 

The  vwn  voM^questions  on  the  practical  management  of  steam  engines  and  boilers  will 
remain  on  the  same  footing  as  at  present.  Examiners  may  add  to  their  viva  voce  questions 
any  of  those  contained  in  Exn.  15  «. 

The  arithmetical  questions  on  Forms  Exn.  10  and  Exn.  11  will  be  cancelled,  and  Forms 
Exn.  10  a  and  Exn.  11  a,  or  other  similar  forms,  to  be  from  time  to  time  issued,  will  be  used 
instead.  No  further  notice  will  be  given  of  the  changing  of  these  forms.  The  questions 
will  be  promiscuous  exercises  on  the  arithmetic  of  marine  engineering,  and  the  candidate 
will  not  be  expected  to  work  all  the  questions,  but  only  so  many  of  them  as  ho  may  think 
sufficient  to  satisfy  the  examiner  that  he  possesses  the  required  knowledge  of  arithmetic, 
and  that  he  can  apply  it  The  arithmetical  standard  for  candidates  is  not  altered ;  it  will 
oontinne'as  at  present  to  include  decimal  fractions  for  second-class,  and  to  include  square 
root  for  first-class  candidates. 

First-dass  candidates  will  be  required  to  make,  from  a  copy,  an  intelligible  hand  sketch, 
or  a  working  drawing  of  some  one  or  more  of  the  principal  parts  of  a  steam-engine,  and  to 
mark  i%  without  a  oopy>  all  the  necessary  dimensions  in  figureS|  so  that  the  sketch  or 


for'  Certificates  of  Competency* 


drawing  conld  bo  worked  from.  This  is  considered  an  important  qaalification  for  a  first- 
class  engineer,  and  as  his  sending  home  an  unworkable  sketch  to  replace  a  break  down 
would  be  a  practical  failure  in  competency,  so  the  omission  of  one  necessary  dimension,  or 
a  disagreement  between  any  two  dimensions,  will  fail  the  candidate. 

The  examination  questions  are  designed  to  test  the  degree  of  knowledge  of  this  kind 
possessed  by  the  candidate,  and  thereby  to  ascertain  how  much  his  heart  has  been  given  to 
his  work. 

The  examination  papers  for  a  second-class  certificate  will  consist  of  questions  relating  to 
the  candidate*8  experience  in  the  construction  and  management  of  engines,  of  questions  in 
elementary  knowledge,  and  of  a  set  of  engineering  arithmetical  questions. 

In  addition  to  these  examination  papers  a  candidate  for  a  first-class  certificate  will  have 
also  another  set  of  arithmetical  questions,  and  an  examination  paper  on  indicator  diagrams 
and  working  drawings. 

The  first  set  of  new  questions  for  first-class  require  a  knowledge  of  the  strength  of  a  shaft 
against  twisting  and  against  transverse  breaking,  the  strength  of  an  iron  lever,  the  loss  by 
£nction,  and  the  cut  off  by  a  given  amount  of  lap. 

The  new  questions  for  second-class  candidates  contain  nothing  beyond  what  is  contained 
in  the  old  set  of  questions,  except  that  one  of  the  questions  requires  a  knowledge  of  the 
weight  of  wrought  iron. 

In  addition  to  these  examination  papers,  the  viva  voce  examinations  will  be  continued  as 
heretofore.  These  alterations  are  not  intended  in  any  way  to  remove  from  the  individual 
examiner  the  entire  responsibility  of  passing  or  of  failing  any  candidate.  The  examination 
papers  are  planned  to  assist  the  examiner,  and  to  afford  a  written  evidence,  to  some  extent, 
of  the  thoroughness  of  the  examination,  and  to  promote  uniformity  at  the  various  examining 
ports. 

TIME  AND  MAEKS. 

All  candidates  will  be  allowed  six  hours  for  the  arithmetical  paper  and  elementary 
questions.  Form  Examination  15  h — viz.,  from  10  a.m.  to  4  p.m. 

First-class  candidates  are  directed  to  leave  the  diagram  question,  No.  9  on  Examination 
1 1  a,  until  the  second  day ;  the  diagram  will  not  be  shown  to  the  candidate  on  the  first  day. 

The  viva  voce  examination  and  drawing  will  be  on  the  second  day;  but  they  may  be 
continued  on  subsequent  days  if  requisite. 

To  secure  uniformity  at  the  various  examining  ports,  a  system  of  marks  has  been  arranged, 
and  the  candidates  are  not  required  to  work  all  the  questions  on  any  of  the  forms,  but  only 
as  many  as  they  may  consider  will  entitle  them  to  the  required  number  of  marks. 

The  number  of  marks  allowed  for  each  question  correctly  worked  is  stated  in  the  first 
column  of  data  table  laid  before  the  candidate. 

If  the  method  adopted  for  any  question  be  in  the  main  correct,  for  each  slip  or  omission 
m  the  method  one  mark  will  be  forfeited. 

If  the  numeration  in  the  working  of  any  question  be  in  the  main  correct,  for  each  error 
in  the  numeration  one  mark  will  be  forfeited. 

Marks  gained  for  one  question  will  not  be  forfeited  on  account  of  errors  in  any  of  the 
other  questions. 

•  The  maximum  number  of  marks  on  the  seoond-dass  arithmetical  paper  is  33;  the 
minimum  required  to  pass  is  32. 

The  maximum  number  of  marks  on  the  first-class  arithmetical  paper  is  24 ;  the  minimum 
required  to  pass  is  16. 

For  each  full  and  correct  answer  to  elementary  questions,  2  marks  will  be  allowed.  For 
answers  to  the  two  questions  on  defects  and  repairs,  on  page  3  of  Examination  15  6,  from 
o  to  4  marks  will  be  allowed  for  each.  The  total  marks  on  Examination  15  b  will,  there- 
fore be  24,  and  the  minimum  required  is  16. 

Marks  will  be  allowed  for  only  ten  questions  on  Form  Examination  15  b,  that  is,  for  eight 
dflmentary  questions,  and  for  the  two  questions  marked  F  and  Q,  If  either  F  or  G  be 
omitted,  the  number  of  elementary  questions  may  be  increased  to  make  up  ten  in  all. 

Marks  b^ond  the  minimum  for  any  Form  may  be  applied  to  make  up  a  defect  of  marks 
te  any  oilier  Form  at  the  rate  of  two  marks  ovorplns,  to  make  op  fbr  one  mark  defldenft. 


ELEMENTARY   QUESTIONS   FOR    THE    FIRST 

ESAMINATIONS  OF  ENGINEEES  FOE  0EETIFI0ATE8  OF 
OOMPETENCfYi  AND  OF  MA8TEBS  AND  MATES  FOB  OEH- 
TIFIOATES  IN  STEAM. 


OlaBS  for  whioh  examined 


Oandidate'fl  name 


A. — Where  and  how  long  did  yon  serve  in  works  at  tlie  making  ot  at  the 
repairing  of  engines  ? 

B. — How  long  have  70a  seired  in  the  stokehole  F 

0. — How  long  hare  7011  serred  in  the  engine-room  at  sea,  and  in  what 
oapadtieB  ? 

D. — With  what  descriptions  of  engines  have  yon  served  at  sea — paddle  or 
screw,  or  both,  jet  oondensing,  Bnr&oe  condensing,  01  non-oondensing  engines, 
oomponnds,  trunks,  inverted  cylinders,  or  horizontal  engines?  What  size 
were  the  engines  f 

E. — With  what  desoriptions  of  boilers  have  you  served  at  sea — ^rectangular 
or  cylindrical,  wet  bottomed  or  dry  bottomed,  moltitabular,  sectional,  or  flne 
boilws? 

F. — ^What  engine  defects  have  oome  nnderyonr  notice  at  sea,  what  caused 
these  defects,  and  how  were  th^  remedied  ?  Give  the  namea  of  the  steamers 
for  verifioation. 

0. — ^What  boiler  defects  have  oome  under  your  notice  at  sea,  what  caused 
these  defects,  and  how  were  they  remedied  ?  Give  the  names  of  the  steamers 
for  verification. 

For  the  questions  to  be  answered  on  the  following  pages  see  the  book  of 
Elemmtary  questions.    The  questions  need  not  be  written,  only  the  answers 


JBhmmiarff  Questions. 


Queetum  No. 


Question  No. 


Qoeetion  No. 


Qaeetion  No. 


Question  No. 


Qaestion  No. 


Qoeetion  No. 


Question  No. 


8 


EXPLANATION  OF  SIGNS  USED. 


/ 


The  following  aigns  are  made  use  of  both  in  arithmetio  and  algebra : — 

SIGNS  OF  OPERATION. 

1.  The  sign  +>  caXLedplut  (which  is  the  Latin  for  more),  signifies  additif^ 
or  to  be  added,  and  shows  that  the  nnmber  before  which  it  stands  is  to  be 
added;  thus  3  +  4  (read  three  plui  four)  means  that  4  is  to  be  added  to  3, 
making  7. 

2.  The  sign  — ',  called  tninue  (which  is  the  Latin  for  lese),  signifies  m^- 
iraetive,  or  to  be  tuhiraeUd,  and  shows  that  the  number  before  which  it  stands 
is  to  be  tuhtraeted;  thus  13  —  ^  (read  as  thirteen  minus  Jive)  means  that  5  is  to 
be  subtracted  from  13,  leaving  8. 

3.  The  sign  x  (into),  signifies  mvUiplied  hy,  and  shows  that  the  numbers 
between  which  it  stands  are  to  be  multiplied;  thus,  3X4  (read  three  intofomr^ 
or  three  multiplied  hy  four),  means  that  3  is  to  be  multiplied  into  4,  making  12. 
Sometimes  a  fiill  stop  at  tiie  bottom  of  &e  figure  is  used  for  this ;  thus,  2X7, 
or  2.7,  are  both  used  to  express  twice  soTen. 

4*  The  sign  -4-,  sig^nifies  divided  by,  and  means  that  the  number  which 
stands  before  it  is  to  be  divided  by  the  one  which  follows  it.  Thus,  14.  -7-  2, 
{read  fourteen  by  two),  means  that  14  is  to  be  divided  by  2,  making  7.  The 
operation  of  division  is  also  indicated  by  writing  the  divisor  under  the 
dividend  with  a  line  between  them ;  thus,  14  by  2  is  also  frequently  denoted 
thus  y. 

5.  The  sign  =,  signifying  epial  to  (or  amounting  to),  means  that  the 
numbers  between  which  it  stands  are  equal  to  each  other ;  that  is,  have  the 
same  arithmetical  value,  each  taken  as  a  whole. 

Examples  of  the  preceding,  with  the  results  in  each  case,  will  stand  thus : — 

I.     i4and  3  eqoalB  17,  or  14+ 3^  i7>  *•    10 — 3^7- 

3.    7  X  5  =  35-  4-     14  -r  a  =  7»  or  V  =  7- 

6.  The  signs  :  is  to,  ::  so  is,  are  the  signs  o{ proportion :  as  2  :  4  : :  8  :  16 ; 
that  is,  as  2  is  to  4  so  is  8  to  16. 

7.  The  sig^  14  —  4  +  10  =  20  show  that  the  difference  between  4  and 
14  added  to  10  is  equal  to  20.  The  line  drawn  over  14  and  4  is  called  a 
vinculum. 

8.  The  signs  10  —  2  +  5  =  3  signify  that  the  simi  of  2  and  5  taken  from 
10  is  equal  to  3. 

9.  8*  is  read  8  squared,  and  means  that  the  8  is  to  be  multiplied  by  itself; 
thus,  8  X  8  =  64 ;  hence  64  is  called  the  square  of  8. 

10.  The  sign  \/  prefixed  to  any  number,  signifies  that  the  Square  Itoot  of 

that  number  is  required ;  thus, 

|/  64  is  read  the  square  root  of  6^  and  means  that  namber  which  whon  multiplied  by  itself 
gives  64;  hence  64  is  called  the  square  of  8. 

1 1 .  H.P.  is  read  horse-power, 

12.  N.H.P.  is  read  nominal  horse-power, 

13.  I.H.P.  is  read  indicated  horse-power, 

14.  U.W.  is  read  unit  of  work. 


THE  PRINCIPLES  AND  PRACTICE  OF  ARITHMETIC. 


OHAPTEEI. 
DEFINITIONS,  PBFJiTMTNABY  NOTIONS,  NUMEEATION,  AND 

FUNDAMENTAL  OPERATIONS. 


Abtiolb  I. — DEFonnoH  I. 

1.  Ariihmetio  is  the  sdeiice  which  treats  of  numhers'-^f  the  mode  of 
expressing  them — of  the  mamier  of  computing  by  them — and  of  the  various 
uses  to  which  thej  are  applied  in  the  practical  business  of  life. 

2.  A  Unit  or  Unity  is  the  name  given  to  that  quantity  which  is  to  be 
reckoned  as  one  when  other  qiiantities  of  the  same  kind  are  to  be  measured. 
Thus,  each  of  the  terms,  a  man,  a  house,  a  pound,  &c.,  denotes  one  individual 
of  its  kind,  being  the  same  as  one  man,  one  house,  one  pound,  &c.,  respectivelj: 
and  these  are  the  basis  or  elements  by  means  of  which  several  meui  several 
houses,  several  poimds,  &c.,  may  be  computed. 

3.  Number  is  the  relation  of  a  quantity  to  its  unit,  the  notion  of  number 
being  suggested  by  successive  repetitions  of  the  individual  unit ;  or  number 
is  the  name  by  which  we  signify  how  many  objects  or  things  are.  considered 
whether  one  or  more.  When,  for  instance,  we  speak  of  one  ship,  two  steamers, 
three  masts,  or  four  yards,  the  number  of  things  referred  to  will  be  one,  two, 
three,  or  four,  according  to  the  case ;  and  so  one,  two,  three,  four,  and  the 
rest,  are  call  numbers.  Numbers  thus  viewed  are  termed  whole  mkniers  or 
integers;  and  for  the  sake  of  uniformity,  the  unit  is  considered  the  first  or 
kast  integer. 

4.  Numbers  used  to  express  one  or  more  individuals  of  spee\fiei  kinds  are 
called  concrete  numbers ;  whereas  two^  three,  four,  &c.,  by  themselveSi  not 
particularizing  the  kinds  of  individuals,  are  termed  abstract  numbers. 


NOTATION. 

5.  Del  1. — Notation  is  the  method  of  expressing  any  proposed  number 
by  certain  symbols  or  characters  appropriated  for  that  purpose. 

6.  Del  8. — ^The  symbol  or  representative  of  unit  or  unity  is  i ;  but  instead 
of  other  numbers  being  expressed  by  assemblages  or  multitudes  of  units 
placed  together,  which  would  soon  become  embarrassing,  other  characters  or 
symbols  have  been  invented,  by  means  of  which  every  nimiber,  however 
great,  may  be  expressed ;  and  instead  of  a  different  symbol  being  adopted 
for  every  different  number,  which  would  soon  become  equally  inconvenient| 
all  numbers  are  expressed  by  means  of  the  following  ten  symbols,  or  as  they 

0 


lo  Prineij^Us  and  Praetiee  of  Ariihmetio. 

are  UBuallj  termed  figurM^  and  sometimes  digiUi  wliich  have  their  names 
respectiyely  annexed : 

I  2  345678^0 

one  two         three        four         five  six         seven       eight       nine         sero 

the  first  n%n$  of  which  are  called  by  their  names ;  and  the  last,  which  is 
variously  denominated  nought^  cypher,  or  %ero,  when  standing  by  itself  has  no 
signification,  or  at  most,  denotes  the  absence  of  number,  and  is  to  be  regarded 
merely  as  an  auxiliary  digit,  for  the  purposes  to  be  hereafter  explained. 

7.  De£  3. — ^Whenever  a  figure  is  placed  on  the  right  of  the  same  or  any 
figure,  it  has,  by  universal  agreement,  the  effect  of  increasing  the  value  of  the 
last-mentioned  figure  tenfold,  at  the  same  time  that  it  retains  its  own  value. 

Thus  beginning  with  the  auxiliary  digit  o,  we  have  the  following  numbers 
and  their  representations : 

10  II  12  13  14  ftc. 

ten  eleren  twdye  thirteen  fooiteen  &c. 

20  21  22  &C. 

twenty  twenty-one  twenty-two  Sea. 

and  it  is  obvious  that  by  means  of  two  figures,  this  kind  of  notation  may  be 
continued  till  we  arrive  at  ninety-nine  whose  symbol  is  99. 

8.  De£  4. — ^Beyond  this  number,  the  use  of  two,  either  of  the  same  or 
different  figures,  will  not  enable  us  to  go,  but  a  repetition  of  the  contrivance 
in  the  last  Article  will,  by  means  of  more  figures,  supply  the  defect. 

Thus,  supposing  the  effect  of  any  figures  being  placed  on  the  right  of 
symbols  formed  as  above,  to  be  to  increase  all  their  values  tenfold,  we  shall 
have 

100  loi  102  &o. 

one  hundred  one  hundred  and  one      one  hundred  and  two  &o. 

80  likewise  of  succeeding  numbers ;  thus,  we  have 

234.  567 

two  hundred  and  thirty-four  fiTe  hundred  and  aixty-eeyen 

and  again  999  will  be  nine  hundred  and  ninety-nine,  which  is  the  largest 
number  capable  of  being  expressed  by  three  figures. 

Here,  the  first  figure  on  the  right  hand  is  said  to  occupy  the  unifis  place, 
the  second  the  place  of  tens,  and  the  third  that  of  hundreds. 

Of  the  auxiliary  digit  o,  the  sole  use  is  in  the  effect  specified  in  the  last 
two  articles ;  and  all  figures  to  the  right  of  it,  will  therefore  be  imaffected 
by  it.* 

9.  Def.  6. — ^In  estimating  numerical  magnitudes,  we  proceed  in  order 
from  hundreds,  to  thousands,  tens  of  thousands,  and  hundreds  of  thousands,  millions, 

*  The  word  cypher  \b  from  the  A.rabic  word  Taaphara,  blank  or  void.  At  the  end  or  in 
the  middle  of  any  number  Uie  cypher  is  of  use  to  keep  the  dgnificant  digits  in  their  proper 
rank,  when  the  nnits  or  the  hundreds  or  any  other  denomination  may  be  wanting,  e.g.^  60 
means  6  tens  followed  by  no  units,  606  means  6  hundreds  with  no  tens,  but  6  units.  ^  At  the 
beginning  of  a  number  cyphers  would  be  useless :  if  so  placed  they  could  only  indicate  the 
absence  of  any  higher  class,  e,^.,  096  means  only  9  tens  and  6  units,  the  cipher  showing 
that  there  are  no  hundreds,  which  is  equally  intdligible  if  the  cypher  be  omitted. 
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tsn8  of  miliums,  and  hundreds  of  millions^  in  precisely  the  same  manner  as  we 
have  done  above  from  tmits  to  tens,  and  from  tens  to  hundreds, 

10.  Agreeable  to  the  principle  of  article  7  it  is  assumed  that  **  any  figure 
placed  on  the  right  of  one  or  more  others,  has  the  effect  of  increasing  every 
one  of  them  tenfold,  without  altering  its  own  value,"  and  this  enables  us  to 
express  with  facility  any  number  whatever. 

Thus, 

I.    1000  will  xepresent  one  ^AoMMfttf. 

3.    5493  will  represent  five  thousands,  four  hundreds,  and  ninety-three. 

3.  33456  will  represent  twenty-three  thousands,  four  hundreds,  and  fifty-six. 

4.  739054  will  represent  seven  hundred  and  twenty-nine  thousands  and  fifty-fonr. 

5.  1803305  will  represent  one  mitton,  eight  hundred  and  three  thousands,  two  hundreds, 
and  five. 

6.  33754081  will  represent  thirty-two  milUons,  seven  hundred  and  fifty-four  thousands,, 
and  eighty-one. 

7 .  47  3035004  will  represent  four  hundred  and  seveniy-three  miUions,  twenty-five  thousands, 
and  four. 

11.  If  the  first  three  figures,  beginning  from  the  right  hand,  be  denomi- 
nated so  many  units,  tens  of  units,  and  himdreds  of  units,  it  follows  that  the 
next  three  figures  taken  the  same  way  will  be  thousands,  tens  of  thousands, 
and  hundreds  of  thousands ;  the  next  three  in  order  will  be  millions,  tens  of 
millions,  and  hundreds  of  millions,  and  so  on. 

Whence  to  express  in  figures  any  number  proposed,  we  have  only  to  con- 
sider in  which  of  these  divisions  each  part  of  it  ought  to  be  found,  observing 
that  three  figures  from  the  right  must  be  taken  to  make  each  division  completOy 
before  we  proceed  to  the  next. 

ExAVPLKfl. 

Ex.  I.    Express,  by  means  of  figures,  thirty-five  thousand,  eight  huudred  and  nineteen. 

Here,  eight  hundred  and  nineteen  belongs  to  the^s^  division  on  the  right,  and  is  written 
819 ;  also,  thirty-five  thousand  must  be  found  in  the  second  division  from  the  right,  ttid  is 
35,  whence  the  proposed  number  may  be  expressed  by  35819. 

Ex.  3.  Express  in  figures  the  number  five  million,  twenty-five  thousand,  six  hundred 
and  seven. 

In  this  case  the  first  division  on  the  right  will  be  607 ;  the  second  will  be  035,  the  digit  o 
being  affixed  to  the  left  of  the  others  without  altering  their  value,  to  make  up  the  required 
number  of  three;  and  the  third  is  5,  so  that  the  expression  will  be  5035607. 

Ex.  3.  Express  by  figures  the  following  number,  five  hundred  and  seventy  million,  two 
hundred  and  six  thousand  and  fifty-four. 

Here,  the  first  division  is  054,  the  o  altering  only  the  value  of  the  figures  in  the  subsequent 
divisions ;  the  seoond  divimon  is  306 ;  and  the  third  is  570 ;  whence  the  number  proposed 
is  coETeotly  expressed  by  570306054. 

Examples  fob  FBAonoB. 

I.  One  hundred.  3.  One  hundred  and  one.  3.  One  hundred  and  ten.  4.  Nine  thousand 
and  nine.  5.  Nine  thousand  and  ninety.  6.  Nine  thousand  nine  hundred  and  nine. 
7.  Five  thousand  and  seventy-four.  8.  Ten  thousand  seven  hundred.  9.  Ninety  thousand 
and  ninefy.  10.  Three  hundred  and  five  thousand.  11.  Nine  hundred  thousand  nine 
hmdnd.    is,  live  hundred  and  flv«  thousand  five  hundred  and  fifty.    13.  One  miUion. 
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three  thousand  and  eight.  14.  Five  million  thirty  thousand  and  forty-nine.  15.  Nine 
million  nine  hundred  thousand  and  six.  16.  Fifty-eight  million  and  nine.  17.  Serenty 
million  three  hundred  and  two  thousand  four  hundred  and  forty-one.  18.  Two  hundred 
and  tweniy-two  millions  and  thirty-flye.  19.  Six  hundred  and  four  million  sixty  thousand 
and  fire.  ao.  Eight  hundred  million  three  thousand  and  thirty-three,  ai.  Nine  hundred 
million  nine  hundred  thousand  and  nine  hundred,  aa.  Seven  hundred  million  and  seTen. 
23.  One  hundred  and  eighty  million.  24,  Five  hundred  million.  35.  Five  hundred  and 
eighty  million  two  hundred  and  forty-five  thousand  one  hundred  and  ninety-two.  26.  Seven 
hundred  and  seven  million  seven  thousand  and  seventv-seven. 

12.  This  method  of  notation  can  never  present  any  difficnity,  provided  it 
be  carefully  remembered  that  every  division  of  figures  as  we  proceed  fcom 
the  right  hand  towards  the  leit  must  be  completed,  as  far  as  it  is  possible,  and, 
by  a  little  practice,  we  shall  be  enabled  to  write  down  any  number  by  begin- 
ning at  the  left  hand. 

EXAMPLB.  ♦ 

Ex.  I.  To  write  down  six  hundred  and  thirteen  millions  five  hundred  and  nineteen,  we 
ohsarve  that  the  division  of  millions  will  be  613 ;  that  of  thousands  will  be  000,  and  that  of 
units  519 ;  so  that  the  number  is  expressed  in  arithmetical  symbols  by  6 130005 19. 

13.  It  wQl  be  observed,  firom  what  has  been  said,  that  each  of  the  nine 
figures  or  digits,  if  2,  3, 4,  5,  6,  7,  8,  9,  has  an  absolute  value  of  itself,  whereas 
the  auxiliary  digit  o  has  no  such  value ;  and  on  this  account  the  former  are 
termed  significant  figures,  in  oontra-distinction  to  the  last.  It  will,  moreover, 
have  occurred  to  the  reader  that  every  one  of  these  significant  digits,  in 
addition  to  its  absolute  value,  which  is  fixed  and  certain,  possesses  also  a  local 
value  dependent  upon  the  situation  in  which  it  is  placed ;  thus,  in  the  expres- 
sion of  the  number  four  thousand  three  himdred  and  twenty-one,  which  will 
be  4321,  the  i  in  the  first  place  on  the  right  hand  retains  its  absolute  value ; 
the  second  figure  2,  in  its  situation,  denotes  two  tens  or  twenty;  the  third  is 
three  hundred,  and  the  fourth  is  four  thousand;  so  that  the  local  values  of  2, 
3,  and  4,  are  respectively,  ten  times,  a  hundred  times,  and  a  thousand  times,  as 
great  as  their  absolute  values ;  and  it  is  the  circumstance  of  assigning  to  each 
of  the  significant  figures  a  local  as  well  as  an  absolute  value,  which  confers 
upon  the  system  the  immense  power  which  it  possesses. 


NUMERATION. 

14.  Dei  6. — Ifumeration  is  the  art  of  reading  or  estimating  the  value  of  a 
number  expressed  by  figures,  and  is,  therefore,  the  reverse  of  Notation. 

15.  From  the  circumstance  of  every  figure  possessing  a  local  as  well  as 
an  absolute  value,  it  follows  that  the  value  of  each  figure  must  be  estimated 
by  the  place  which  it  occupies ;  hence,  a  figure  standing  by  itself  expresses 
00  many  units;  a  figure  in  the  second  place  so  many  tens;  a  figure  in  the 
third  place  so  many  hundreds^  and  so  on ;  consequently,  if  we  suppose  any 
numerical  expression  to  be  divided  mto  periods  or  portions,  each  consisting  of 
three  figures  as  far  as  they  go,  the  figures  of  the  period  on  the  right  will  be 
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unite  and  tens  and  hundreds  of  unite;  those  of  the  next  will  be  units,  tens 
and  hundreds  of  thousande ;  those  of  the  third  will  be  units,  tens  and  hundreds 
of  miUione,  and  so  on. 

Thus, 

I.  35  18  twenty-five. 

3.  304  is  three  hundred  and  four. 

3.  5387  is  five  thousand  two  hundred  and  eighty-seyen. 

4*  70^39  i^  seventy  thousand  six  hundred  and  thirty-nine. 

5.  306583  is  three  hundred  and  six  thousand  five  hundred  and  eighty-three. 

6.  1648305  is  one  million  six  hundred  and  forty-eight  thousand  three  hundred  and  five, 

7.  53034367  is  fifty  three  million  twenty-four  thousand  three  hundred  and  sixty-seven. 

8.  357008005  is  two  hundred  and  fifty-seven  million  eight  thousand  and  five. 

In  eadh  of  these  instances  we  conceive  the  expression  to  be  separated  into 
periods  of  three  figures  each  as  far  as  they  go,  beginning  at  the  right  hand, 
as  in  257008005  we  observe  that  005  is  the  first  period,  008  the  second,  and 
the  third  period  is  257,  denotes  two  hundred  and  fifty-seven  millions  008 
eight  thousands  and  00$  five  units. 

16.  The  last  article  will  be  rendered  more  clear  by  the  following  scheme, 
called  the  Numeration  Table :— 


I 


§1 

8 
9 


i 


7 

8 


5 
6 

7 
8 

9 


4 

5 
6 

7 
8 

9 


M 
3 

4 

5 
6 

7 
8 

9 


H 

3 

3 

4 

5 
6 

7 
8 

9 


I 

I 
a 

3 

4 

5 
6 

7 
8 


wherein  the  local  value  of  every  figure  in  each  of  the  horizontal  rows  is 
pointed  out  by  the  name  written  upwards  at  the  top  of  the  whole ;  thus,  in 
the  third  horizontal  line  from  the  bottom  the  figures  will  be  read,  nine  hundred 
and  eighty-seven^  and  in  the  second  line  from  the  top,  ninety-eight  millumsy  seven 
hundred  and  sixty-fioe  thousand^  four  hundred  and  thirty-two. 
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voB  FsAonoi. 

Express  in  words : — 

I.  43 

9- 

505 

17- 

87054 

a5- 

lOOOOOl 

33- 

20084316 

41. 

203302200 

2.  60 

10. 

550 

18. 

70707 

36. 

8047338 

34- 

5001860 

4a. 

lOOIOOIOI 

1-  " 

II. 

1000 

19- 

60880 

a?- 

4090300 

35. 

8080808 

43. 

375008005 

4.    31 

13. 

3030 

30. 

99404 

38. 

5310007 

36. 

55700005 

44- 

lOOOIOOOI 

5.   100 

»3- 

3303 

31. 

903756 

39. 

6030405 

37- 

76014059 

45- 

79030184 

6.  zoi 

14. 

4004 

23. 

303303 

30. 

9009900 

38. 

6006606 

46. 

40807603a 

7.  ZIO 
t.  500 

'5- 
16. 

7707 
8880 

>3- 

400400 

3i« 

4I04IOI4 

39- 

5^00505 

47- 
48. 

401400056 
908500069 

H* 

550550 

32. 

30QOOOO 

40. 

I2OOI5OI5 
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ADDITION. 

17.  Addition  is  the  collecting  together  of  two  or  more  numbers,  and  the 
amount  of  all  of  them  is  termed  their  sum.  The  sign  +  f plus  J  is  employed  to 
indicate  addition,  as  7  +  2  sigpiifies  that  2  is  to  be  added  to  7.  Also,  the 
sign  =  feqfAolJ  signifies  that  the  numbers  between  which  it  is  placed  are 
equal:  thus,  8  +  1=9. 

The  process  of  addition  depends  upon  the  principle  that  the  sum  of  two 
numbers  is  equal  to  the  sum  of  their  respective  parts.    Thus, 

Let  it  be  required  to  find  the  sam  of  two  numbers,  1724  and  4638,  and  explain  the  prooess. 

1724  ^  I  thousand  +  7  hundreds  -f-  >  tens  -f-  4  units, 

4638  =  4  thousands  +  6  hundreds  +  3  tens  -j-  8  units, 
and  as  the  sum  of  these  two  numbers  is  equal  to  the  sums  of  their  respeotiYe  parts,  that 
sum  is 

5  thousunds  -f-  '3  hundreds  +  5  tens  -}-  12  units. 

To  each  of  the  four  parts  into  which  the  first  number  is  separated  add  the 
part  of  the  second  which  is  under  it,  beginning  at  the  units.  Thus,  8  imits 
and  4  imits  are  1 2  imits,  that  is,  i  ten  and  2  units ;  again,  3  tens  and  2  tens 
are  5  tens ;  6  hundreds  and  7  hundreds  are  1 3  hundreds,  or  i  thousand  and 

3  hundreds.  Lastly^  4  thousands  and  i  thousand  are  5  thousands,  hence  the 
sum  is  either  5  thousands  1 3  hundreds  5  tens  and  1 2  imits,  or  6  thousands  3 
hundreds  6  tens  and  2  units  =  6362. 

Hence, 

18.  The  rule  for  simple  addition  is  as  follows : — 

EULE  I. 

Write  the  numbers  to  he  added  together  in  vertical  columns  so  that  the  units  of 
dU  the  numbers  may  be  in  one  column,  the  tens  in  the  second,  the  hundreds  in  the 
third,  and  so  on.  Draw  a  line  under  the  last  number,  and,  beginning  with  the 
column  of  units,  add  successively  the  nimibers  contained  in  each  column  ;  if  the  sum 
does  not  exceed  nine,  write  it  down  under  the  line,  but  if  it  contains  tens  reserve 
them  to  be  added  to  the  next  column,  writing  down  only  the  units  of  each  column, 
and  under  the  last  column  jput  the  entire  sum,  whatever  it  may  be.  If  the  sum  of 
any  column  be  an  exact  number  of  tens,  write  o  for  the  units  and  cany  the  tens 
to  the  next  column. 

Example. 

Ex.  I.    Let  it  be  required  to  find  the  sum  of  26389,  38137,  3815,  6497,  835,  and  3745. 

Write  the  numbers  as  at  the  side,  so  that  the  figures  of  the  same  class  shall  be  26389 
in  the  same  vertical  column ;  then  taking  the  sum  of  eaoh  class,  we  find  there  are  3^' 27 
38  units,  27  tens,  31  hundreds,  35  thousands,  and  5  tens  of  thousands.  Now  38  ^^'5 
units  are  3  tens  and  8  units,  then  writing  8  below  the  units  column,  carry  the  3  ^ 

tens  to  the  27  tens,  which  together  make  30  tens,  or  3  hundreds  and  o  tens.  ^745 

Write  o  below  the  column  of  tens  and  reserve  the  3  hundreds  to  be  added  to  the 

31  hundreds ;  this  gives  34  hundreds,  or  3  thousands  and  4  hundreds,  and  writing       78408 

4  below  the  column  of  hundreds,  carry  the  3  thousands  to  the  25  thousands,  and  we  get  28 
thousands,  or  3  tens  of  thousands  and  8  thousands.  Writing  the  8  below  the  column  of 
thousands,  carry  the  2  tens  of  thouaaads,  making  the  entire  sum  =  78408. 
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19.  Verifloation  of  Addition. — ^The  usual  verification  is  to  add  both 
upwards  and  downwards  and  see  if  the  sums  agree.  This  is  generally 
sujQicient.  K  more  is  required,  or  if  the  student  cannot  get  a  long  column  to 
cast  the  same  way  both  up  and  down,  he  can  cut  it  up  and  add  each  portion 
separately ;  then  add  the  sums. 

EXERCISES  IK  SIMPLE  ADDITION. 


(0 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

32I4I3 

543123 

536123 

123456 

761284 

657890 

692387 

876578 

452734 

234512 

453215 

234561 

612874 

278679 

4956 

495 

130411 

7»3H5 

"34 

345612 

8719 

5798 

87658 

54939 

3718 

104234 

4231 

456223 

46759 

67843 

769378 

8797 

24561 

36142 

51234 

561234 

587999 

488567 

5790 

358428 

341323 

345' 

613254 

612345 

987678 

37429 

87958 

768453 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

('5) 

(16) 

662593 

846914 

516398 

425396 

567453 

169964 

145673 

197794 

395266 

415327 

854627 

674958 

654359 

435434 

366535 

543543 

841923 

723456 

735829 

827694 

531769 

744315 

679654 

765976 

35^27 

674216 

916358 

731045 

765453 

476757 

341345 

415161 

725983 

328427 

827146 

556677 

147954 

496059 

569765 

954131 

346783 

736259 

633289 

889900 

645679 

695969 

694313 

643167 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

987825 

916427 

695024 

986257 

985626 

372519 

586372 

148537 

736349 

625736 

538426 

427385 

796842 

463726 

477754 

697296 

856925 

346831 

827836 

514986 

915638 

298534 

638831 

526438 

734316 

857936 

735985 

726326 

809274 

851372 

951490 

723649 

827842 

735784 

216515 

915817 

444444 

319628 

479291 

859698 

936736 
842625 

426467 

859827 

734482 

913258 

738543 

863748 

852619 

849753 

910756 

386912 

872364 

497791 

376546 

419648 

759519 

358358 

683625 

219863 

410698 

345345 

356633 

777777 

846325 

647846 

745841 

391285 

742367 

679567 

459681 

999999 

987846 

386921 

526606 

842163 

946208 

161514 

453148 

555555 

333445 

666777 

888999 

615827 

807609 

131549 

567963 

724483 

335445 

666777 

888999 

736846 

915827 

761346 

313499 

952637 

a5. 


26. 


Add  together  the  addends  (1)  under  exercises  (i),  (9),  and  (17) ;  (2)  under  (2),  (10), 
and  (z8) ;  (8)  under  (3),  (11),  and  (19) ;  (4)  under  (4),  (12),  and  (20} ;  (6)  under  (5), 
(13),  and  (21) ;  (6)  under  (6),  (14),  and  (22) ;  (7)  under  (7),  (15),  and  (23) ;  and  (8) 
under  (8),  (16),  and  (24). 

Add  together  three  hundred  and  nine  million,  four  hundred  and  seventeen  thousand, 
and  eighty-seven;  six  hundred  and  seventy-five  thousand,  and  forty-nine;  seven 
thousand  and  ninety-seven  million,  eight  hundred  and  fourteen  thousand,  three 
hundred  and  five ;  seventy-nine  million,  five  hundred  and  four  thousand,  and  forty- 
nine  ;  six  thousand  and  seventy-eight  million,  four  hundred  and  thirty-nine  thousand, 
six  hundred  and  forty-seven ;  seven  thousand  million,  eight  hundred  and  seventy-six 
thousand,  four  hundred  and  twenty-nine. 


SUBTEAOTION. 
20.  The  process  of  finding  a  number  which  shall  be  equal  to  the  difference 
of  two  numbers  is  called  sttbtraction.  It  is  customary  to  call  the  quantity 
from  which  the  subtraction  is  made,  the  minuend ;  the  quantity  to  be  sub- 
traciedi  the  subtrahend;  and  the  result  of  the  subtraction,  the  difference. 
IhuSi  ibaOf  we  havoi  minuend  —  subtrahend  =  difference. 
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We  may  also  write  this  as, 

minuend  =  subtrahend  +  difiEerence, 

which  shows  the  connection  between  subtraction  and  addition. 

The  operation  of  Subtraction  is  indicated  or  expressed  by  the  sign  — ,  which  is  read 
minut  or  lest  bf,  with  the  nse  of  the  sign  = ;  thus,  the  excess  of  7  above  3  will  be  expressed 
in  the /orm  7  —  3  =  49  which  is  read  7  minus  3  equals  4 ;  where  the  sign  —  between  7  and 
3  denotes  the  subtraction  of  the  latter  from  the  former,  and  the  sign  =  between  3  and  4 
shows  the  equality  of  the  excess  to  4. 

21.  The  process  of  subtraction  inyolves  two  principles;  the  one  is  the 
equal  augmentation  or  diminution  of  the  numbers.  In  either  way,  the 
difference  of  the  two  numbers  will  not  be  altered ;  for  if  the  greater  number 
be  either  increased  or  diminished  by  7  for  example,  and  the  less  be  increased 
by  7,  the  numbers  themselves  will  be  altered. 

The  other  principle  is  this :  since  12  exceeds  7  by  5,  and  8  exceeds  6  by  2, 
then  12  and  8  together,  or  20  exceeds  7  and  6  together,  or  12  by  5  and  2 
together  or  7. 

Let  it  be  required  to  take  231  from  574. 

Write  the  numbers  as  in  the  margin,  units  under  units,  tens      nandxeds.  Tens.     Units, 
under  tens,  and  hundreds  under  hundreds,  then  4  units  exceed  1574 
unit  by  3  units,  7  tens  exceed  3  tens  by  4  tens,  5  hundreds  exceed  231 

2  hundreds  by  3  hundreds.    Therefore,  by  the  second  principle,  - 

all  the  first  column  together  exceeds  all  the  second  column  by  all  3  4  3 

the  third  column  together,  that  is,  by  3  hundreds  4  tens  3  units,  or  343  which  is  the  dif- 
ference between  574  and  231. 

Again,  let  it  be  required  to  subtract  23957  from  802126. 

Hundreds  of    Tens  of 

Thoiisands.  Thousands.  Thousands.  Hundxeds.      Tens.  Units. 

802126  =802126 

a3957=  a  3  9  5  7 

Now  here  a  difficulty  immediately  arises  since  7  is  greater  than  6,  and  cannot  be  taken 

from  it,  neither  can  5  be  taken  from  2,  9  from  i,  3  from  2,  nor  2  from  o.    To  obviate  this 

we  must  have  recourse  to  the  first  principle,  and  add  Uie  same  quantity  to  both  these 

numbers,  which  will  not  alter  their  difference.    Add  ten  to  the  first  number,  making  16 

units,  and  add  ten  also  to  the  second  number,  but,  instead  of  adding  ten  to  the  number  of 

units,  add  one  to  the  number  of  tens,  making  6  tens.    Again,  add  ten  tens  to  the  first 

number,  and  one  hundred  to  the  second,  then  add  ten  hundred  to  the  first,  and  one  thousand 

to  the  second,  and  so  on,  adding  equal  quantities  to  each.    In  this  way  the  numbers  will  be 

changed  into  the  foUowing : — 

Hundreds  of        Tens  of 

Thousands.      Thousands.        lliousands.        Hundreds.  Tens.  Units. 

S  10  12  II  12  16 

I  3  4  10  6  7 

778169 

and  the  difference  778169  is  obtained  in  the  usual  manner. 

Hence,  whm  the  upper  figwre  ia  the  less  we  muet  augment  it  by  ten,  and  retain  one  to  be  added 
to  the  lower  figure  immediately  to  the  left, 

22.  The  rule  for  simple  subtraction  is  as  follows : — 

EULE  n. 

i^  Put  the  smaller  number  under  the  greater,  taking  care,  as  in  addition^  that 
units  shall  be  under  units,  tens  under  tens,  hundreds  under  hundreds,  and  so  on. 
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2^.    Beginning  at  the  units,  take  each  figure  in  the  lower  line  from  the  figure 
above  it,  if  the  lower  figure  he  not  the  greater  of  the  two,  setting  down  the' 
remainder  below  it.    (See  the  operation  in  Ex.  i,  page  17). 

3^.  JBut  if  any  figure  in  the  lower  line  he  greater  than  that  above  it,  add  10 
to  the  upper  one,  and  then  take  the  lower  figure  from  that  sum,  setting  doum  the 
remainder,  and  carrying  one  (i,e.  adding  i  J  to  the  next  lower  figure,  and  with 
which  proceed  as  before,  and  so  on,  till  the  whole  is  finished,    (See  Ex.  2,  page  17). 

The  following  examples  will  illustrate  this  rule. 

Examples. 

Ex.  I.    Let  it  be  required  to  subtract  42572  from  76594. 

In  the  units  eolumn,  2  from  4  leaves  a,  set  down  a.  From    76594    minuend. 

In  the  tens  column,  7  from  9  leayes  2,  set  down  2.  Subt.    42572    subtrahend. 

In  the  hundreds  column,  5  from  5  leaves  o,  set  down  o.  

J}}  the  thousands  column,  2  from  6  leaves  4,  set  down  4.  Bem.     34022    diferenee, 
J^  the  ten  thousands  column,  4  from  7  leaves  3,  set  down  3. 

Ex.  3.    Subtract  7495  from  9263.  9363 

In  the  process  adopted  in  practice  the  figures  in  the  minuend  are  not,  as  in       7495 

the  second  example  No.  21,  page  16,  actually  altered;  and  perhaps  we  might       — 

more  simply  explain  the  practical  process  as  follows :  1768 

To  subtract  5  from  3  is  impossible,  so  separate  i  ten  frt)m  the  6  tens,  and  adding  it  to  the 
3  units,  say  5  from  13  leaves  8.  Now  we  are  supposed  to  have  separated  i  ten  from  the  6 
tens,  but  as  the  figure  really  remains  6,  we  still  have  to  take  i  from  it ;  also  we  have  to  take 
from  it  the  9  in  the  lower  Hne,  so  instead  of  taking  away  first  i  and  then  9  more,  take  away 
10  at  once ;  but  10  from  6  being  impossible,  separate  i  from  the  place  of  hundreds,  and 
adding  it  as  10  tens  to  the  6  tens,  say  10  from  16  leaves  6.  As  we  have  not  really  taken  i 
frtmi  the  2  hundreds,  we  have  still  i  to  take  from  it ;  also  we  have  to  take  the  4  in  the  lower 
line ;  instead  of  taking  first  i  and  then  4,  take  away  5  at  once ;  but  5  from  2  being  impossible 
separate  i  from  the  place  of  thousands  and  add  it  as  10  hundreds  to  the  2  hundreds,  and  say 
5  from  1 2  leaves  7 .  As  we  have  not  really  diminished  the  figure  9  in  the  place  of  thousands, 
we  have  still  i  to  take  from  it,  and  likewise  we  have  to  take  away  the  7  in  the  lower  line^ 
10  taking  away  8  at  onoe  from  9  we  have  i  left  in  the  place  of  thousands,  and  the  entire 
difference  is  1768. 

Ex.  3.    Let  it  be  required  to  subtract  27385  from  64927. 

Then  placing  the  former  number  under  the  latter  (as  in  the  64927    minuend. 

margin},  we  proceed  thus :  273^5    eubtrahend, 

37542    dijbrenee, 
hi  the  units  column,  5  from  7  leaves  2,  set  down  2. 
hi  the  tens  column,  8  from  (not  2)  but  12  leaves  4,  set  down  4  and  carry  i. 
In  the  hundreds  column,  (3  -}-  '>  **^*  3  + '  canried)  from  9  :=  4  from  9  leaves  5,  set  down  5. 
In  the  thousands  column,  7  from  (not  4)  but  14  leaves  7,  set  down  7  and  carry  i. 
In  the  ten  thousands  column,  (2  4- 1)  >*^*  24-1  carried)  from  6^3  from  6  leaves  3,  set 
down  3. 

Ex.  4.    As  another  example,  let  86025704  be  subtracted  from  130741392. 

Then,  having  arranged  the  numbers  as  in  the  margin.        From    1 30741 391    minuend. 
we  proceed  thus:  4  from  12,  8,  carry  i ;   z  and  0,1,1        Subt.       86025704    subtrahend, 
from  9,  8 ;  7  from  13,  6,  carry  i ;  i  and  5,  6,  6  from  11,  _— 

5,  carry  i ;  i  and  3, 3, 3  from  4,  i ;  o  from  7,  7 ;  6  from       Bem.      44715688    diferenee. 
10, 4,  carry  i ;  i  and  8,  9,  9  from  13,  4,  carry  r ;  and  i  carried  being  taken  from  i,  leaves  o, 
thweirfofc^  the  remainder  ia  44715688. 

D 


i8 
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23.  Verifloation  of  Subtraction.— The  best  verification  is  to  add  the 
subtrahend  and  difference.  This  ought  to  give  back  the  minuend,  or  original 
quantity  from  which  the  subtraction  was  made. 

EXEECISES  IN  SIMPLE  SUBTRACTION. 


(0 

w 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

706105 

804601 

980001 

600501 

702001 

601002 

501001 

602004 

84694 

265061 

980000 

60049a 

26000 

46003 

20106 

1 1906 

(9) 

701618 
30449 


(.0) 

508000 
129 


(") 

403000 
26901 


(12) 

393436 

219050 


(13) 

321288 

213788 


(14) 

345876 

"3457 


(15) 
20601 I 
48605 


(17) 

XOOOOOOIOOO 

7077070077 


(18) 

lOIOOOIIIOIOII 
lOIIIOOIIOIIO 


(■9) 

loioi 160330 

80209337 


(20) 

lOIIOOIIOIIO 
lOOIIIOIOII 


(16) 

8500000 
90909 


(") 

479863217896 
241826424862 


Take  each  Bnbtrahend  12  times  from  its  minuend  in  the  foUowing  examples  :— 

(")  (»3)  (H)  (25)  (26)  (27) 

7432326  6677298  72*3545  4362579  6002109  8100630 

157689  67527  57636  9873  45108  6156 


28.  What  number  remains  when  one  miUion  four  hundred  thousand  six  hundred  and 

nineteen  has  been  taken  from  one  hundred  millions  and  two  P 

29.  What  is  the  difference  between  sixteen  thousand  and  eighteen,  and  one  million  P 

30.  If  eighty-nine  be  added  to  fourteen  thousand  six  hundred  and  forty-three,  how  many 

must  be  added  to  the  sum  to  make  it  ten  miUions  P 

31.  How  many  must  be  added  to  the  sum  of  99,  416305,  and  2108,  that  it  may  exceed  the 

difference  between  19 104  and  605  by  1 143200  P 

32.  What  must  be  added  to  7543  to  make  it  16000  P 

33.  The  sum  of  two  numbers  is  84207,  the  less  is  12327,  what  is  the  greater  P 

24.  By  help  of  the  plus  (+)  and  minus  ( — )  signs,  we  can  easily  connect 
together  in  a  single  row  a  set  of  numbers,  of  which  some  are  to  be  added  and 
others  subtracted ;  thus  4  +  6  —  3  —  2  means  that  4  and  6  are  to  be  added^ 
and  3  and  t  are  to  be  mbtraeUdy  so  that  4  +  6  —  3  —  2  =  5.  Instead  of 
subtracting  first  3  and  then  2,  we  may,  of  course,  subtract  5  at  once ;  so 
that  the  above  is  the  same  as  10  —  5  =  5*  In  some  cases  where  additive 
and  subtractive  quantities  are  indicated,  there  is  a  difficulty  which  may  be 
stated  in  a  simple  form  by  means  of  an  example. 

2—7+8—1 

If  we  begin  from  the  left-hand  end,  our  £rst  operation  is  to  subtract  7  from 

2,  which  cannot  be  done  directly ;  we  have  recourse,  therefore,  to  a  different 

arrangement,  namely,  to  take  all  the  additions  first,  and  aU  the  subtractions 

last.    We  write  it,  therefore,  as 

>+8— 7— I 
After  adding  the  2  and  the  8,  we  may  either  subtract  the  7  and  the  i  in 

succession,  or  we  may  add  the  7  to  the  i  and  subtract  their  sum  from  the 
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sum  of  the  2  and  the  8.    The  simplest  way,  therefore,  of  getting  at  the  result 

of  a  set  of  mixed  additions  and  subtractions  is  to  add  the  additive  quantities, 

and  then  (separately)  add  the  subtractiye  quantities,  and  subtract  the  sums. 

Thus,  if  we  have 

125  +  427  —  684  +  237  —  15 

125         684         789 
427  15         699 

699  90  result. 


337 
789 


Examples  fob  Pbaoiiob. 


1.  361  +  483  —  246  —  179  =  419. 

2.  573  — 184  +  602  —  67  =  924. 

3.  12064  +  700628  —  1 09641  +  637  —  2604  =  601086. 

4.  23596  —  625  +  72311075  — 13758  —  3506285  +  6879  =  68820880. 

5.  I  —  2  +  4  —  %-\- 16  —  32  +  64—  128  +  256  —  512  +  1024  =  2048  +  4096  — 

8192  +  16384  —  32768  +  SsszS  —  131072  +  262144  —  524288  +  1048576  — 
2097152  +  4194304  =  379^ao3« 


MULTEPLIOATION. 

25.  Kultiplioation  is  a  short  method  of  finding  the  amoimt  of  a  number 
repeated  any  number  of  times ;  thus,  when  3  is  multiplied  by  4,  the  number 
produced  by  the  multiplication  is  the  sum  of  3  repeated  4  times,  which  sum 
is  equal  to  3  +  3  +  3  +  3  or  12. 

26.  The  number  which  is  repeated,  or,  in  other  words,  is  to  be  multiplied, 
is  called  the  multiplicand;  the  number  denoting  the  repetitions — 1.0.,  the 
number  by  which  it  is  to  be  multiplied — is  called  the  multiplier ;  and  the 
amount,  or  the  number  which  is  found  by  multiplying  the  former  by  the 
latter  is  called  the  product 

The  operation  of  Multiplioation  is  expressed  by  the  sign  X)  which  is  read  inte,  or 
mukiplied  by;  thns,  5  X  7  =  35.  Sometimes  a  full  stop  at  the  bottom  of  the  figure  i«  used 
for  this;  thus,  2  X  7  or  2.7,  are  both  used  to  express  twice  seyen.  So  again,  4  X  5  X  13 
=  260,  expresses  the  continued  product  of  4^  $,  and  13. 


Multiplier  x  Kultiplioand  =  Product     Kultiplicand  X 
Product 

27.  If  more  than  two  numbers  are  multiplied  together,  the  result  is  called 
the  continued  product 

28.  The  multiplicand  and  multiplier  are  termed  factors  of  the  product, 
because  they  are  factors  or  makers  of  the  product. 

29.  To  perform  the  operation  of  multiplication  readily,  a  tahle^  called  the 
wwUiplication  tahkt  must  first  be  learnt,  and  the  result  which  arises  |rom 
multiplying  one  number  by  another,  provided  neither  be  ^eater  than  12, 
most  be  committed  to  memory ;  it  is  one  of  the  few  operations  in  arithmetic 
Wkfft^  ^  mimxnj  q{  rules  is  ii^di^ensible. 
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THE  MULTIPLICATION  TABLE. 


S 

3 

* 

S 

6 

7 

8 

9 

„ 

.. 

" 

♦ 

A 

S 

„ 

" 

"4 

li 

iS 

„ 

" 

u 

3 

. 

9 

U 

'J 

IS 

It 

M 

a? 

30 

33 

Ji 

i 

U 

i6 

SO 

H 

»s 

3» 

3* 

» 

44 

4I 

,0 

'J 

M 

»J 

SO 

35 

40 

45 

50 

55 

60 

" 

i8 

»4 

30 

is 

36 
4fi 

40 
49 

4S 

54 

60 

66 

7» 

'4 

'■ 

iS 

M 

63 

70 

77 

"4 

i« 

"4 

3» 

48 

M 

«4 

7» 

So 

gg 

9« 

i« 

*7 

j<i 

45 

54 

63 

« 

Si 

00 

99 

loS 

« 

3*> 

40 

JO 

£0 

70 

So 

eo 

.00 

110 

,.= 

« 

33 

44 

SS 

66 

77 

Si 

99 

110 

i« 

ISS 

M 

i6 

48 

6o 

1» 

84 

96 

IDS 

... 

ISB 

144 

In  thin  table  the'fiist  hoiizontal  line  consists  of  the  first  twelve  nnmben  in 
order  i  the  seccmd  conaiste  of  the  products  when  multiplied  by  2 ;  the  third 
contains  their  produote  when  by  3 ;  the  fourth  when  multiplied  by  4,  osd  so 
on ;  and  the  table  is  repeated  in  the  following  manner. 

Thm,  to  make  use  of  the  ueond  line  of  figures,  we  say — 


twice  5  are  10 

twice 

9Sie  iS 

twice  6  lue  11 

twioe 

□  araio 

twice  7  are  14 

twice 

I  axe  31 

twioa  8  ue  16 

twice 

I  are  14 

2Ton. — It  shoold  be  notioed  that  the  prodnot  of  any  two  nnmbflra  is  the  same  whioherer 
of  them  it  taken  a*  the  multiplisr— «,;,,  7  times  S  =  S  times  7.  This  is  illtutrated  in  the 
abort  IMa  by  a  doable  row  of  dub  flgnret  fonmii|[  the  diagonal  of  the  iqnare. 

30.  When  two  numbers  are  to  be  multiplied  together,  it  is  a  matter  of 
indiffereuoe,  so  far  as  the  product  is  concerned,  which  of  them  be  tahen  as 
the  multiplicand  or  multiplier ;  in  other  words,  the  product  of  the  first  multi- 
by  the  aeoond,  will  be  the  same  as  the  product  of  the  second  multiplied 
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by  the  first.    Thus,  4X5  and  5X4  express  the  same  thing,  namelji  20. 

This  is  best  seen  as  follows : — 

«  *  •  •  • 

«  «  •  •  * 

•  *  •  •  * 

*  •  •  «  * 

Here  there  are  20  stars,  or  asterisks.  It  is  evident  that  the  total  n^umber 
— 20— is  not  altered  by  the  way  in  whioh  we  choose  to  group  them,  in  order 
to  count  them.  Thus  we  may  either  say  there  are  5  in  each  line,  and  4  lines, 
or  that  there  are  4  in  each  column,  and  5  columns.  Now  one  of  these  ways 
of  counting  takes  the  20  as  4  X  5i  the  other  as  5  X  4.  Hence  these  are 
simply  two  ways  of  arriving  at  the  same  result,  or  product. 

32.  The  fundamental  principles  upon  which  the  process  of  multiplication 
depends  are  these : — 

(i)  If  we  separate  any  multiplicand  into  any  number  of  parts,  and 
multiply  each  part  severally  by  any  number  and  add  the  results,  the  whole 
multiplicand  is  thus  multiplied,  e.g.^  15,  which  may  be  separated  into  8  and  7 
is  multiplied  by  9,  if  8  and  7  be  each  multiplied  by  9,  and  the  results  added 
together. 

(2)  K  the  multiplier  be  separated  into  any  number  of  parts,  and  the 
multiplicand  be  multiplied  severally  by  each  of  these  parts  and  the  results 
added  together,  this  is  equivalent  to  multiplication  by  the  whole  multiplier, 
e.g,y  if  it  be  required  to  multiply  17  by  12,  and  we  multiply  17  by  4,  and 
17  by  8,  and  add  these  results,  we  have  then  taken  17  exactly,  4  +  8  times 
or  12  times. 

Let  it  be  required  to  multiply  6739  by  the  single  figure  8. 

Since  the  product  6739  by  8  is  eyidently  equal  to  the  sum  of  the  products  of  all  its  parts, 
and 

♦  6739  =  ^®^^  +  70®  +  3®  +  9 

we  must,  therefore,  multiply  each  of  these  parts  by  8,  and  add  together  the  results ;  we 
haye,  therefore,  the  following  operation : — 

Ten  thooBaadi.    ThouMnds.    Hundreds.       Tens.       Units. 

6739  ^739 

8 


7  »  7*  =  product  of    9  by  8  (a) 

a  4  240  =       „  30  M   8  / 

S  ^  5600  =      >i  700  »   8  (< 

4  8  48000  =       „         6000  „   8  (< 

5  3  9  '  a  539"  =       .»         6739  »>   « 

Now  9  units  multiplied  by  8  gives  7  a  units  (a),  3  tens  multiplied  by  8  giyes  24  tens  (d), 
7  hundreds  multiplied  by  8  giyes  56  hundreds  (0),  and  6  thousands  multiplied  by  8  giyes  48 
thousands  {fi).  Writing  these  results  in  the  ordinary  way,  and  adding  them  together,  as 
aboff t^  Iht  mim,  which  is  the  requind  jfr9dmij  is  5391a. 
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In  practice  the  partial  prodacts  7  a,  240,  5600,  and  48000,  are  not  written  down,  bat 
combined  mentally  into  one  sum ;  thus,  we  say  8  times  9  units  are  7  a  units,  that 
is  to  say,  7  tens  and  2  units,  we  accordingly  write  down  2  in  the  units'  place,  and        6739 
carry  7  to  the  place  of  tens ;  8  times  3  tens  are  24  tens,  and  the  7  tens  carried  make  8 

31  tens,  or  3  hundreds  and  i  ten.     Put  the  i  in  the  tens'  place  and  carry  the  3      

hundreds ;   8  times  7  hundreds  are  s^  hundreds,  and  the  3  hundreds  carried  make      5391s 
59  hundreds,  or  5  thousands  9  hundreds ;  write  the  9  in  the  place  of  hundreds  and 
carry  5  to  the  thousands.    We  have  next,  8  times  6  thousands  are  48  thousands,  and  the  5 
thousands  carried  are  53  thousands,  which  is  the  entire  number  of  thousands,  the  whole 
product  being  53912. 

The  reason  oj^  the  following  rule  will  now  be  evident. 

When  fhe  mnltiplier  it  not  greater  than  12. 

EULE  m. 

i^.  Place  the  multiplier  under  the  multiplicand^  unite  under  units y  and  draw  a 
line  under  the  multiplier  to  separate  it  from  the  product. 

2^.  Commencing  at  the  unit's  £gure  multiply  each  figure  of  the  mukiplioand 
ly  the  multiplier.  If  the  product  of  the  multiplier  and  any  figure  of  the  multipli- 
cand is  less  than  ten,  set  it  doum  under  that  digit ;  hut  set  doum  the  right-hand 
figure  only  of  the  product  when  it  is  a  number  of  more  than  one  figure,  and 
carry,  as  in  addition.    Set  down  the  last  product  in  full. 

EXAJCPLES. 

Ex.  I.    Multiply  6209748  by  7. 

To  work  out  this  sum,  commence  by  placing  the  multiplier  under  the  multiplicand,  units 
under  units.  Beginning  at  the  right  hand,  and  multiplying  each  figure  in  the  multiplicand 
separately,  the  work  is  as  follows: — 

7  times  8,  56,  write  down  the  6  and  carry  5 ;  7  times  4,  28,  which,  with  5  6209748 

carried,  make  33,  set  down  3  and  carry  3  ;  7  times  7,  49,  and  3  carried,  are  7 

52,  set  down  2  and  carry  5 ;  7  times  9,  63,  and  5  are  68,  set  down  8  and  carry  

6 ;  7  times  o,  o  and  6  are  6,  set  down  6 ;   7  times  2  are  14,  set  down  4  and  43468236 
carry  i ;  7  times  6  are  42,  and  i  43,  set  down  43. 

The  following,  worked  like  the  above  example,  require  no  further  explanation. 
Multiply  73826  9073142  460052  5314^2 

By  8  9  II  12 

Product  590608  81658278  5060572  ^377544 

Examples  fob  Fbaotiob. 

1.  34264896  X  »  5-    91823740526  X  6  9.    987654321  X  10 

2.  654321987  X  3  6-  6521734782  X  7  10.  891237654  X  II 
3-  376543198  X  4  7-  485868788  X  8  II.  647853291  X  la 
4.    379865782  X  5        ^         8.        573241789  X  9                 12.    919273654  X  12 

13.    Multiply  7452341  six  times  successively  by  the  following  multipliers,  2,  3,  4,  5,  6, 
7,  8,  9,  II,  and  12. 

32.  To  multiply  any  number  by  10,  we  have  only  to  remove  each  of  the 
figures  of  the  multiplicand  one  place  to  the  left  and  their  value  will  be 
increased  ten  times,  or,  in  other  words,  any  number  is  multiplied  by  10  by 
annexing  one  cypher,  by  100  by  annexing  two  cyphers,  by  1000  by  annexing 
three  cyphers,  &c. ;  e.g.,  85  x  10  =  850,  for,  by  annexing  the  cypher,  the  5 
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unite  hare  become  $  tene^  and  the  8  tens  have  become  8  hundreds,  i.e.,  the  several 
parts  of  the  mnltiplicand  have  each  received  a  tenfold  increase,  and,  therefore, 
the  whole  number  has  been  multiplied  by  10.  Again,  2376  x  100  =  237600, 
where  the  value  of  each  figure  is  increased  a  hundred  times  by  writing  to  the 
right  of  the  multiplicand  as  many  cyphers  as  there  are  in  the  multiplier. 

(a)  When  the  significant  figure  of  the  multiplier  is  not  a  unit,  as  for 
example  30,  400,  or  700.  Since  these  multipliers  are  the  same,  as  10  468 
times  3,  100  times  4,  or  1000  times  7 ;  the  multiplicand  is  first  multi-  '^^ 
plied  by  the  significant  figure  3, 4,  or  7,  (by  Eule  III),  afterwards  the  3*7^00 
product  is  multiplied  by  10,  100,  or  1000  as  in  Art.  32)  by  writing  one,  two, 
or  three  cyphers  to  the  right  of  the  product.  Thus,  to  multiply  468  by  700, 
we  have  the  operation  in  the  margin. 

When  the  multiplier  consists  of  many  figures,  the  process  is  as  follows : — 

Example. 

Ex.  I.  Multiply  4786  by  2783.  That  ifl,  to  take  4786  2783  times  and  add  them  all 
together ;  or,  to  take  it  2000  times,  700  times,  80  times,  and  3  times,  and  the  sums  together ; 
or,  to  multiply  it  by  2000,  by  700,  by  80,  and  by  3,  and  add  the  products  together. 

Ordinary  form  (B) 

I  a  ii 

H  n  H  p 

(A)  Havinff  placed  the  multiplier  under  the  4786 

multipiicand,  units  under  units,  tens  a  4   8  1 

under  tens,  «c.,  proceed  thus :—  1^5 

4786  X         3  =        H358  (i)     4786  X  3  =  14358  =  14358 

4786  X      80  =      382880  (2)    4786  X  8  =  38288 

4786  X    700=    3350200  .'.  4786  X  8  <wi*=  38288  <«M       =      38288 

4786  X  2000  =   9572000  (3)    4786  X  7  =  3350^ 

.'.4786  X  7 Atfikfo.=  33502Ai#mfa.=  33502 

And  the  sum  is  13319438  (4)    4786  X  2  =  9572 

.  * .  4786  X  2  thotu.  =  9572  thous,  =  9572 

. ' .  4786  X  2783  =:  1 3319438  Now,  by  simple  addition,  the  sum 


of  these  products  =13319438 

.  * .  4786  X  2783  =  i33'9438 

If  the  ordinary  method  of  performing  the  operation  (see  under  B  above)  be  compared 
with  the  detailed  form  (under  A),  it  will  be  observed  that  by  arranging  the  figures  in  the 
second  line  of  multiplication  one  place  to  the  left  of  those  in  the  first,  those  in  the  third  one 
place  to  the  left  of  those  in  the  second,  and  so  on,  we  retain  the  figures  in  each  line  in  their 
proper  places  without  the  addition  of  the  cyphers  at  the  end  of  each  line. 

The  reason  of  the  following  rule  will  now  be  evident. 

33.    When  fhe  multiplier  is  greater  than  12|  we  proceed  as  follows : — 

EULE  IV. 

1®  Place  the  multiplier  under  the  multiplicand  so  that  the  units  of  the  former 
mtijf  h$  under  those  ofihe  latter^  the  tens  under  tens,  ifc.f  and  draw  a  line  under  the 
whA, 


H 
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t^.  Write  down  the  product  of  the  whole  multiplicand  hy  the  unit's  digit  of 
the  multiplier,  as  in  rule.  In  like  manner  write  doum  the  product  of  the 
multiplicand  hy  each  of  the  remaining  figures  of  the  multiplier,  observing  to 
place  the  right-hand  figure  of  each  line  in  the  column  under  the  figure  of  the 
multiplier yrom  which  it  came  (see  Ex.  i). 

(a)  If  the  multiplicand  contains  a  cypher,  treat  it  as  if  it  were  a  number, 
recollecting  that  ox  i=o,  0X2  =  0,  and  so  on. 

(b)  If  one  or  more  of  the  figures  (not  final  fig^ures)  of  the  multiplier  he  o, 
the  corresponding  partial  product,  or  products,  will  he  o  or  cyphers^  and  the  lines 
may  he  entirely  omitted,  recollecting  to  give  its  proper  value  to  the  product, 
arising  from  multiplying  hy  the  next  figure  (see  Ex.  2). 

3^.  Then  add  all  these  partial  products  together ^  and  their  sum  will  he  the 
entire  product  of  the  factors. 

Examples. 


Ex.  I.    Multiply  82x436  by  672576. 

821436 
672576 

4928616 

575005* 
4107 I 80 

1642872 

575005* 
4928616 

55*478139136 

Here  the  first  figure  (6)  of  the  first  partial  orodaet 
is  set  below  the  figure  6  in  the  mulbplier,  the  flnt 
figure  (a)  of  the  second  partial  product  is  set  below  7. 
the  multiplying  figure,  the  first  fLgaxe  (o)  of  the  third 
partial  proauct  is  set  below  5,  the  figure  multiplied 
by,  and  so  on ;  the  first  or  right-hand  figure  on  each 
row  standing  directly  under  the  multiplying  figure 
producing  it. 

Ex.  3.    Multiply  729  by  63817  :=  63817 

X7*9- 

63817 

7*9 

574353 
127634 

446719 

465**593 


Ex.  2.    Multiply  32407  by  6005. 

3*407 
6005 


162035 
19444a 

194604035 

Here  the  first  figure  (5)  of  the  flirst  partial  product 
is  placed  immediately  below  5,  the  fi^ire  multiplied 
by,  and  since  the  next  two  figures  of  the  multiplier 
bemg  cyphers,  the  corresponding  rroducts  will  be  o  or 
cyphers,  and  are  entirely  omitted,  and  the  multipli- 
cand is  then  multiplied  by  6  and  the  rii;ht-hand  figure 
of  the  product  is  set  in  the  column  dflnectly  below.the 
multiplier  6. 


Ex.  4. 


700013  X  54836  =  54836  X 
700013 

54836 
700013 


164508 
54836 
2^385* 

38385912868 


The  following  example  will  illustrate  a  point  of  some  utility  connected  with 
the  position  of  the  first  figure  obtained  by  multiplication. 

Ex.  5.    Multiply  3421975  by  11912. 

In  thia  example  it  will  be  obseryed  that  though  there  are  five  figures 
to  multiply  by,  we  haye  only  three  separate  lines  of  products.  The 
reason  is  that  in  the  first  place  we  multiply  by  12,  next  by  9,  and  then 
by  1 1,  which  shortens  the  sum  by  two  whole  lines— a  considerable  saving. 
It  is  necessary,  howeyer,  to  be  careful  to  place  the  Jlrat  Jigure  in  each 
case  obtained  by  multiplieation  directly  under  the  fyure  by  which  you  are 
multiplyiny. 


34*1975 
11912 

40063700 

30797775 
376417*5 

40762566200 
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Examples  fob  Fraotioe. 

1.  58726341  X  23  ^'  67869578  X  903  II.    815085  X  20048 

2.  7895433^  X  34  7-  23589647  X  678  12.   5906408  X  90064 

3.  98765240  X  57  8*  86483279  X  567  '3-   6437063  X  5006701 

4.  93876129  X  95  9'  looiooi  X  999  14*    958866  X  804002 

5.  43679854  X  806  10.  5832764985  X  4689  15.  31622777  X  6324553 

16.  378421896  X  59*8578  22.   987654321  X  1234567890 

17.  28814412  X  12345678  23.     477"i3  X  602059999 
i8.  586371829  X  673857           24.  46358148222  X  34817061 

19.  95400621  X  7003041  25.     7733889  X  6866883 

20.  948375628  X  8764853  26.  57298492692  X  700809050321 

21.  678924  X  678924  27.    38015732  X  400700065 

28.  427282  X  744615  X  15905- 

29.  461762  X  930937  X  97=»744  X  708421 

30.  9090909  X  iiiiiii  X  999999  X  loioioi 

31.  9999  X  99980001  X  999700029999 

32.  9999  X  9998  X  1000  X  loooi  X  10002 

33-    9999  X  9999  X  9999  X  9999  X  9999  X  9999 
34.    In  a  book  of  tables  there  are,  on  one  page,  15  oolumns,  on  the  average  each  oolomn 
contains  157  figures;  how  many  figures  are  Uiere  on  a  page,  and  how  many  on  167  pages. 

34.  If  the  multiplier  to  any  proposed  multiplicand  consists  of  any  one  or 
more  of  the  nine  digits,  followed  by  a  cypher,  or  any  nimiber  of  cyphers, 
then  multiply  according  to  the  following 

EULE  V. 

i^.  Place  the  multiplier  under  the  multiplicand,  so  that  the  significant  figure 
of  the  multiplier  shall  stand  under  the  unit's  figure  of  the  multiplicand,  and 
multiply  the  successive  figures  of  the  multiplicand  hy  the  significant  figure  of 
the  multiplier,  according  to  Eule  lY. 

2^.  Thcn^  to  the  product  thus  obtained^  place  to  the  right  the  same  number  of 
cyphers  as  are  contained  in  the  multiplier. 

EXAMPLB. 

Multiply  133456789  by  80  and  800000. 

Multiplicand    123456789  Multiplicand    123456789 

Multiplier  80  Multiplier  800000 

Product     9876543120  Product    98765431200000 

In  the  first  of  these  examples  we  multiply  first  by  8,  according  to  Bule  III,  then  annex 
(«.0.,  ioin  to)  to  the  product  ons  cypher,  because  the  multiplier  contains  one  cypher,  in  order 
to  preserve  the  product  in  its  proper  place,  as  the  product  of  8  tens.  In  the  second  example 
the  same  rule  is  followed,  but  five  cyphers  are  annexed,  because  the  multiplier  contains  ./kv 
cyphers,  in  order  to  preserre  the  product  in  its  proper  place  as  the  product  of  8  hundr^  of 
ihomandi. 

35.  If  the  multiplier  and  multiplicand  both  end  with  cyphers,  we  may 
omit  them  in  the  working,  and  proceed  according  to  the  following 

EULE  VI. 
Multiply  the  significant /^ur^  of  the  factor s^  as  directed  in  Eule  lY.     Then^  to 
ike  product,  affix  as  many  cyphers  as  have  been  omitted  from  the  end  of  both  the 
multiplier  and  multiplicand: 
Xhe  prixuslple  of  this  annexation  has  been  already  explained  (No.  32). 
a 
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70  \m  wftfpfiiwi  \f  j-soc^  Ami  .br*Q  jec  ^7  jc-ccc 


114 


12; 


iS24acc 


Li  A«  iol  CMB,  tte  7  KvOzpiaiiM  dy  2  3»  t&s  suaie  u  *c  nrgtepfTmt  tr  soo ;    aaa  70 

407^1  X  507  =  1x515-*^  to  ckis^Anr  cypltius  aiias  be  ****^'»«'*    bn:>iiw  100  X  1000^ 
laoooo;  aad  12515776  X  tcooco  ^13515: 


1.  SG437050  X  fo 

2.  9S311950  X  11^ 
>  50014060  X  »ro 

4.  43S1792S00  X  5<oo 

5.  4^5^73  X  TOcaSoc 
6l  4345600S000X  54CO 

7.  543S149  X  1705040950 


II. 
12. 


>>*«  X  ? 
SsrS*  X  •: 
5=4603  X  16600 

5^425  X  43*0 

24031!  X  3«r»» 

49S64233  X  r=W«470 
100C300  X  40C100030000 


36.  It  18  aomelimes  adTuitageoiis  to  split  iq>  a  multiplier  widch  is  tiM 
product  of  two  or  mme  nmnbersy  mad  mnldplT  bj  ifis  fMfors ;  thus^  if  we 
have  to  mahij^'bj  36,  it  is  easier  to  multiplr  in  thb  esse  bj  6  sad  6  (6  X  6 
ss  jjS\  or  by  4  and  9  ^4  x  9  =  36^  thsn  to  mnltiplT  bj  k>ng  mnltiplicatioay 
fluit  i%  bj  3  tOM  and  6.  In  any  case  we  hare  two  rows  of  mnltiplieatioBy 
but  i^  tiie  last  case  we  baTe  an  addition  into  Ibe  baigain. 


Mslt^lj  57«943^  by  4*. 

BiieS4S  =  6X  t;  Qr,4X  ii  =  4S» 

57894362 
6 


«bs 


it  iovad  as  bofev. 


57«943«a 

4 


6  tbnef  tte  maltiplieaDd = 347366172 

S 


4  tim«t  the  MulHpKesnd  =  23157744S 

12 


.-.(6 


*77«9»937^ 
t  times  =)  4S  tones  tbe 


(4ti 
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12 


**7%i937^  -4«- 
=r)  4S  tiaeB  the 


I.  ^»373*  X  15 

».  9034»  X  It 

3-  35«*»  X  3^ 

4-  »3»777  X  4» 

5-  777»3»  X  49 


7 
8 

9 
10, 


4345^  X  56 
735«4^X64 

a798«9  X  7» 

38926392  X  77 

356718  X  81 


II. 
12. 


293629S3  X  84 
««7935  X  96 
13.  10S143145  X  121 

M-  ««7974340  X  132 
15.  12S699280  X  144 

37.    Yerifleatiini  of  Multiplication.— L     By  casting  out  nines.— Add 
togsClier  the  figures  of  the  nraltiplicand,  mnltiplier,  and  product  separately 
not  oonnting  any  9  thai  may  occur,  rejecting  also  9  wbenerery  in  adding  upi 
di»  mm  i&ioasti  to  9  or  more;  note  eadt  result    ICultq^ flie  tg^  two 
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remainders,  i.e.,  the  remainder  arising  from  casting  out  nines  in  the  multipli- 
cand and  multiplier,  retaining,  as  before,  only  what  is  left  after  the  rejection 
of  all  the  nines  from  this  product,  if  the  sum  of  the  digits  exceed  nine ;  then, 
if  the  remainder  which  thus  arises  is  the  same  as  that  from  the  product  of 
the  two  factors,  the  operation  is  likely  to  be  correct,  unless  there  be  some 
compensation  of  errors,  or  some  figure  misplaced.* 

Thus,  in  the  annexed  example,  we  say  (omitting  the  9)  3  and  7    Multiply  90376 .  •  • .  7 

are  10 ;  then  i  and  6  are  7,  which  write  down.    Again,  2  and  8  are  ^083 ...  .4 

10;  then  I  and  3  are  4,  which  is  also  put  down  near  the  multiplier.  ^             T 

Lastly,  the  product  of  4  and  7  are  28,  and  2  and  8  are  10,  which  ia  721008 

one  ahove  9.    Write,  then,  i  near  the  product,  and  cast  the  nines  out  1807520 

of  the  product  thus,  i  and  8  are  9 ;  8  and  2  are  10 ;  i  and  5  are  6  and  ■   .           .^ 

3  are  9;  2  and  8  are  10;  which  heing  i  ahove  9  shows  that  the  1 88253208.. ••! 
operation  most  prohably  is  correct. 

The  usual  way  of  noting  the  four  results  is  to  make  a  cross,  to  put  the  first 
in  the  left-hand  opening,  the  second  in  the  opposite  opening,  the  third  abovOi 
and  the  fourth  below.  If  the  upper  and  lower  results  are  the  same,  the 
work,  as  just  observed,  is  most  likely  correct,  but  otherwise  it  is  wrong. 

In  thiB  example  both  the  multiplier  and  multiplicand  leave  no      21800475         {f) 
remainder  when  the  nines  are  oast  out,  ».^.,  both  numbers  are  divisible  < 089  q 

by  9,  without  a  remainder.  ®^o 

TYien.  0X0=0,  place  this  o  at  J ;  next,  casting  out  the  nines    *^  ^^^^iS 
firom  the  product,  there  is  no  remainder.    Hence,  the  operation,  most  probably,  is  correct. 

The  method  may  even  be  used  in  detail  to  verify  each  step  of  the  sum,  as 

follows : — 

349751  remainder    a 
28637         „  8 


2448257 

5 

1049253 

2098506 
2798008 
699502 

6 

3 

7 

4 

10015819387  „  7 

Thus  checking  every  separate  multiplication  and  the  addition  as  well  as  the  complete  refott. 

n.  The  truth  of  all  results  in  multiplication  may  be  proved  by  using  the 
multiplicand  as  multiplier,  and  the  multiplier  as  multiplicand ;  if  the  product 
thus  obtained  be  the  same  as  the  product  found  at  first,  the  results  are  in  all 
probability  true. 

*  It  is  plain,  that  if  any  of  the  figures  in  the  product  were  made  to  exchange  places,  the 
agreement  of  the  third  and  fourth  results  would  remain,  though  the  product  would  be  wrong ; 
as  would  also  be  the  case  if  one  figure  were  increased  and  another  diminished  by  the  same 
number ;  all,  therefore,  that  we  can  safely  infer  is,  that  the  agreement  spoken  of  must  have 
place  if  the  work  be  correct,  so  that  if  it  fail,  the  work  is  wrong.    Suppose,  for  instance, 
that  we  had  made  73084163  X  7584  =  554270392192,  then,  applying  the^st,  we  get  from 
the  first  fiactor  the  result  5,  for  the  second  the  result  6,  and  from  the  product  of         3 
thMe  the  result  3 ;  but,  from  the  above-stated  product  of  the  two  numbers  Uie      3  x6 
zwatt  18  4.    This  product,  therefore,  is  incorrect,  and,  upon  revising  the  multiplier         4 
we  fmi  tlMt  the  3,  after  the  noui^t,  should  have  been  a. 
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DIVISION. 

38.  The  object  of  division  is  to  £nd  how  many  times  one  number  is 
contained  in  another.  The  quantity  to  be  divided  is  called  the  dividend,  the 
quantity  by  which  we  divide  is  the  divisor,  the  number  of  times  is  the  quotient, 
and  what  remains  over  (if  any  such  there  be)  is  called  the  remainder. 
Dividend  =  divisor  x  quotient  +  remainder. 

The  operation  of  Ditibion  is  expressed  by  the  sign  -7-,  which  is  read  hy  or  divide  hy  ;  thus, 
42  -f-  7  =  6,  implies  that  the  result  of  the  division  of  42  by  7  is  6.  The  number  42  which 
is  divided  is  called  the  dividend,  that  which  divides,  i.e.,,  7  the  divisor  and  the  result  6,  the 
quotient. 

39.  The  first  idea  of  obtaining  the  result  is  to  use  subtraction  and  count 
the  times  we  have  to  use  it. 

Thus,  to  find  how  many  times  8  is  contained  in  34. 

34 

J         (i) 

26 

^        (2) 

18 

J        (3) 

10 
8        (4) 


We  see  we  can  take  8  away  from  34  four  times  in  succession,  and  then  we 
leave  2.  But  if  we  had  helped  ourselves  by  the  multiplication  table  (of  eight 
times)  we  might  have  done  it  more  shortly.  For  since  5  x  8  =  40,  8  will  go 
9  times  into  40,  exactly ;  therefore,  8  will  not  go  5  times  into  34.  Again,  4  x 
B  =  32,  and  thus  8  will  go  4  times  into  34  and  leave  something  over.  This 
« something  over"  is  evidently  34  —  32,  or  2. 

So  long  as  the  quotient  is  a  small  number  the  process  of  continued  subtrac- 
tion may  be  employed,  but  when  the  dividend  contains  the  divisor  a  large 
number  of  times,  it  would  be  necessary  to  abridge  the  operation  by  taking 
away  as  many  times  the  divisor  at  once  as  we  please,  provided  the  number 
of  times  is  marked  at  each  step.  For  example,  to  divide  1 1 5  by  1 2  we  may 
take  away  8  times  12  at  once,  and  afterwards  take  away  12;  therefore,  12 
may  be  subtracted  9  times,  and  the  remainder  is  7. 

96  ^  8  times  12 

la  ^  once  12 
7  =  remainder. 
In  order  to  avoid  the  labour  of  repeated  subtractions,  we  may  lay  down 
the  following  principle,  viz.,  that  if  we  separate  any  dividend  into  any  number 
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• 
of  parts,  and  find  how  often  the  divisor  may  be  subtracted  from  these  parts 
(or  how  often  the  divisor  is  contained^  as  it  is  called,  in  each  of  these),  we 
shall,  by  adding  these  results,  obtain  the  correct  quotient  of  the  whole  dividend 
divided  by  that  divisor,  because  it  is  evident  that  the  whole  dividend  will 
contain  the  divisor  as  many  times  as  its  several  parte  together  contain  it. 

Let  it  be  required  to  divide  3168  by  27.     Here  the  quotient  will  consist  of 

three  digits,  and  therefore  there  will  be  at  least  3  separate  subtractions. 

Now  the  figure  in  the  hundreds'  place  cannot  be  more       3'^^ 

2700   =r    100  tixnGB  27 
than  I,  and  if  the  product  27  hundreds,  or  2700,  be       

subtracted  from  the  total  product  3 1 68,  the  remainder        ^^^  . . 

^  -^       '  270  =      10  times  27 

468  must  contain  the  products  of  the  tens  and  units  of      

the  quotient  multiplied  by  the  divisor  27.    We  now        JL  — -       ,-  times  27 

enquire  how  often  27  is  contained  ten  times  in  468,       

and  this  is  found  to  be  only  once  ten  times;   then 
subtracting  the  partial  product  27  tens,  or  270  from  468,  the  remainder  is 
198.    Lastly,  we  have  to  divide  198  by  27,  which  gives  7  for  a  quotient  and 
a  remainder  9;   and,  therefore,  3168  contains  27,  100  +  10+  7,  or  117 
times,  leaving  9  for  the  remainder. 

It  will  be  seen  that  as  often  as  27is  contained  in  31,  so  many  hundred 
times  it  will  be  contained  in  3 100,  or  in  3 168 ;  and  as  often  as  27  is  contained 
in  46,  so  many  ten  times  it  will  be  contained  in  460,  or  468,  and  in  this 
maimer  any  quotient  figure  is  just  as  readily  obtained  as  the  last  or  unit's 
figure  of  it. 

40.  The  preceding  articles  contain  the  principles  of  division,  and  all  that 
remains  is  to  apply  them  in  the  most  economical  manner. 

EXAMPLB. 

Suppose  we  have  to  divide  29876 iS  by  3605. 

Operation  with  cyphers  in  fall.  Operation  without  annexing  cyphers. 

3605)2987618(800  +  20  4-  8  3605)2987618(828 

.  2884000        or  828  28840 

103618  10361 

72100  7210 


315*8  31518 

28840  28840 


2678  2678 

41.    If  the  divisor  be  not  greater  than  12. 

EULE  vn. 

i^     8ei  down  the  dividend  with  a  line  under  it  to  separate  it  from  the  future 
fmUmU:  and  write  the  divisor  on  the  left  of  the  dividend  with  a  curve  line  hetween 
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2^.  By  the  multipUeation  table  find  the  greatest  number  of  timee  the  divisor  %$ 
contained  in  the  ^r^t  figure  of  the  dividend,  or^  if  necessary^  the  first  two  or  first 
\hxeQ  figures  of  the  dividend^  and  place  the  figure  denoting  the  times  directly  under 
the  figure  divided,  or  under  the  last  figure  if  more  than  one  have  been  taiken,  and 
carry  what  is  over,  that  is,  regard  the  figure  which  is  over  to  be  prefixed  to  th$ 
following  figure  of  the  dividend. 

3^  Divide  this  number  by  the  divisor,  set  down  the  result  as  the  next  figure  of 
the  quotient,  carry  the  remainder  to  the  next  figure  of  the  dividend;  and  if  the 
divisor  is  not  contained  in  any  figure  of  the  dividend,  place  a  C3rpher  in  the  quotient 
and  prefix  this  figure  to  the  next  one  of  the  dividend  as  if  it  were  a  remainder,  and 
proceed  in  the  same  manner  till  all  the  figures  of  the  dividend  are  exhausted.  The 
number  thus  found  is  the  quotient. 

Examples. 

Ex.  I.    Divide  25602  by  3. 

Placing  the  dividend  and  divisor  (3)  aa  in  the  margin,  we  proceed  thus : —  3)25602 

3  is  contained  in  2,  tio  times,  so  that  nothing  is  to  be  placed  under  the  2 ;  3  is  ■ 

contained  in  25,  t.^.,  25  thousands,  8  times  (t.^.,  8  thousands)  and  i  over,  8  and  8534 

cafxy  I ;  this  i  regarded  as  prefixed  to  the  6,  gives  the  number  16,  t.^.,  16  hundreds,  3  is  in 
i6|  5  times  and  i  over;  3  is  in  10  {i.e.,  1  hundred)  3  times  and  i  over;  3  is  in  12,  4  times. 
Therefore,  the  quotient  is  8534;  and  this  is  the  complete  quotient,  a*  there  is  no  remainder. 

Ex.  2.    Divide  7804623  by  5. 

We  say,  5  in  7,  i  and  2  over;  5  in  28, 5  and  3  over ;  5  in  30, 6 ;  5  in  4,  5)7804623 

o  and  4  over ;  5  in  46, 9  and  i  over ;  5  in  12,  2  and  2  over ;  5  in  23, 4  and 


3  over.    As  there  is  here  a  remainder,  we  annex  it,  with  the  divisor  5  1560924} 

under  it,  to  the  figures  of  the  quotient,  and  call  1560924I  the  complete  quotient. 

Ex.  3.    Divide  841 1 1648  by  12. 

We  say,  12  in  8,  no  times,  so  that  nothing  ia  to  be  placed  under  the  8 ;  12)84111648 

12  in  84  goes  7  times  and  o  over;  12  in  i,  fio  times  and  i  over,  put  down  — > 

o  under  the  i ;  12  in  1 1,  o  times  and  1 1  over ;  this  1 1  regarded  as  prefixed  7009304 

to  the  next  figure  of  the  dividend  gives  the  number  11 1 ;  therefore  say,  12  in  in,  9  times 
and  3  over ;  12  in  36,  3  times  and  o  over ;  12  in  4,  o  times  and  4  over ;  12  in  48,  4  times. 

Examples  fob  Pbaotioe. 

1.  135792695 -T- a  5*     400678493-7-6 

2.    584697386  -7.  3  6.      276586437  -7-  7 

3*    399345884  -T-  4  7-    6947421006  -r  8 

4.    298244760-7.5  8.    2470263075-7.9 

Divide  each  of  the  following  dividends  six  times  successively  by  each  of  the  following 
divisors— 2,  3,  4,  5,  6,  7,  8,  9,  11,  12. 

'•    6154778  3.    4086791  5.    2000707  7.    9914060 

2.  7000000  4.    8821000  6.    9370005  8.    4706009 

42.    If  the  divisor  be  greater  than  12. 

EULE  vm. 

1°.    Place  the  divisor  and  dividend  in  the  same  line,  separated  by  a  small  curve 
Une,  and  on  the  right  of  the  dividend  draw  another  line  of  the  same  kind;  thus, — 

divisor )    dividend    ( quotient 


9- 

254096146  H 

r  10 

10. 

I loi 182267  H 

r  'I 

II. 

i095»37i7o-; 

r  I* 

12. 

59437055312  -i 

-  12 
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2°.  Mark  off  from  the  left-hand  side  of  the  dividend  a  numbor  offiguree  equal 
in  number  to  those  of  the  divisor,  or  one  more,  if  necessary ,  and  find  the  greatest 
number  of  times  the  divisor  is  contained  in  this  number;  place  the  figure  which 
denotes  this  number  on  the  right  as  the  first  figure  of  the  quotient. 

3^.  Multiply  the  divisor  by  this  number  and  place  the  product  under  the  number 
marked  off  at  the  left  of  the  dividend.  Subtract  the  said  product  from  that  part 
of  the  dividend  under  which  it  stands. 

4^.  Briny  down  the  next  figure  of  the  dividend  and  place  it  to  the  right  of  the 
remainder,  and  if  the  number  thus  formed  be  greater  tf^an  the  divisor,  find  the 
greatest  number  of  times  the  divisor  is  contained  in  it,  and  write  this  number  as 
the  eecond  figure  of  the  quotient;  but  if  this  number  be  less  than  the  divisor  bring 
down  the  next  figure  of  the  dividend,  or  more,  until  a  number  not  less  than  the 
divisor,  is  formed,  remembering  to  place  a  cypher  in  the  quotient/or  every  figure 
brought  down,  except  the  last ;  find  how  often  the  divisor  is  contained  in  this 
number ;  then  multiply,  subtract,  and  bring  down,  ^c,  as  before,  till  all  the  figures 
of  the  dividend  are  exhausted. 

The  number  thus  obtained  is  the  quotient  required. 

NoTB. — When  the  divisor  is  large,  the  learner  will  find  assistance  in  determining  the 
quotient  figure,  hy  finding  how  many  times  the  first  one  or  two  figures  on  the  left  hand  of 
the  divisor  is  contained  in  the  first  one  or  more  of  those  of  the  dividend.  This  will  give 
pretty  nearly  the  right  figure.  Some  allowance  must,  however,  he  made  for  carrying  from 
tiie  product  of  the  other  figures  of  the  divisor,  to  the  product  of  the  first  into  the  quotient 
figure.  If  any  product  be  greater  than  the  number  which  stands  above  it,  the  last  figure  in 
the  quotient  must  be  changed  for  one  of  smaller  value ;  but  if  any  remainder  be  greater 
than  the  divisor,  or  equal  to  it,  the  last  figure  of  the  quotient  must  be  changed  for  a  greater. 


Ex.  I.    Let  it  be  required  to  divide  356434  by  346. 

Looking  at  the  leading  figure  of  the  divisor,  and  also  at  that    346)256434(741  quotient, 
of  the  dividend,  with  the  view  of  seeing  whether  the  latter  con-  2422 

tains  the  former,  which  it  does  not,  3  being  greater  than  a ;  we  

therefore  commence  with  the  number  25,  formed  by  the  first  '^^^ 

ifco  figures  of  the  dividend,  and  seeing  that  3  is  contained  in  25  _Z. 

8  times,  we  should  put  8  for  the  first  quotient  figure;  but  304 

bearing  in  mind  that  when  the  whole  divisor  is  multiplied  by  346 

this  8  we  most  attend  to  the  earryingt ;  we  perceive  that  8  is  too  '"— ~ 

great,  we  therefore  try  7,  and  find  7  times  346  to  be  2432,  a  ^ 

number  less  than  2564  above  it,  so  that  we  can  tubtraet;  the  remainder  is  142,  which,  when 

the  next  figure  of  the  dividend  is  brought  down,  becomes  1423.    We  now  take  this  as  a 

dividend,  and  looking  at  the  leading  Jiguns  in  this  new  dividend  and  the  divisor,  we  see  that 

the  Utter  wiU  go  4  .times,  we  therefore  put  4  for  the  second  quotient  figure,  and  multiplying 

and  subtracting  we  get  39  for  the  second  remainder,  and,  by  bringing  down  another  figure 

we  get  394  for  a  new  dividend ;  the  divisor  goes  into  this  onee,  so  that  the  quotient  is  741, 

and  the  final  remainder  48 ;  this  remainder  must  be  annexed  with  the  divisor  underneath 

to  the  quotient  figures,  so  that  the  complete  quotient  is  741  -ff^,  which  is  the  346th  part  of 
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Ex  3.    Bmde  108419716214  by  5783. 

5783  )  108419716214  ( 18748005  quotient. 
Quotient  figure  (i) 5783 


(8) 

(7) 

(4). 

(8) 

(o) 

(o). 

(5). 


50589   •••••••••   I Bt  remainder  with  next  figure. 

46264 


43^57     and 

40481 


27761 
23132 


46296 
46264 


322 


3"  I 


3rd 
4th 

5th 

6th 


32214    7th 

28915 


a 


»9 


fi 


f» 


>» 


»f 


tt 


)> 


»» 


tt 


)> 


» 


3299  final  remainder. 

It  most  be  noticed  that  if  any  dividend  formed  by  a  remainder  and  a  figure  brought  down 
should  be  less  than  the  divisor,  that  the  divisor  will  go  no  times  in  that  dividend ;  so  that  a 
o  will  be  the  corresponding  quotient  figure ;  and  that,  then,  a  second  figure  must  be  brought 
down  as  in  the  operation  annexed.  The  steps  marked  ^^  are  inserted  merely  to  show  the 
principle.  In  practice  we  simply  put  down  the  two  noughts  in  the  quotient,  and  go  at  once 
to  322x4  for  the  divisor. 


Ex.  3.    Divide  6421284  by  64a. 

642  goes  once  into  642,  and  leaves  no  remainder.  Bring  down  the 
next  figure  (i)  of  the  dividend,  then  642  is  in  i  no  times,  put  o  in  the 
quotient  after  the  i.  The  next  figure  of  the  dividend  (2}  being 
brought  down  to  the  right  of  the  i  forms  the  dividend  12,  then  642  is 
in  12  no  times,  put  a  cypher  as  the  next  quotient  figure ;  bring  down 
the  next  figure  of  the  dividend  (8),  then  642  in  128  goes  no  times,  write  o  as  the  correspond- 
ing quotient  figure ;  but  the  next  figure  brought  down  (4)  makes  the  quantity  brought 
down  12  84,  which  contains  the  divisor  twice,  and  gives  no  remainder. 

Examples  fob  Pbaotioe. 


642)6421284(10002 
642 

1284 
1284 


1.  983296  -7. 13 

3.  9220290 -7>  17 

3.  800062  -7-23 

4.  20067690  -7-  37 

13.  14710962989869-7-1709 

14.  2IO779163O  -7-  3654 

19.  1000000000  -7-  lOOI 

20.  1 00000000000000  -7-  1 1 1 1 1 

21.  48423157 13782  -f.  570634 

22.  81524O90617O -7- 763054 

23.  490002800004  -f-  900702 


5- 

6. 


9500864  -f-  43 
7846723  -7-  52 

7.  9943000  .7-  78 

8.  8904030  -7-  89 

'5-  1395243584 -T- 5678 
16.  3855999705-7-6789 
24. 


25- 

26. 

27. 
28. 


9.   56703264  -f.  123 

10.  367347398 -r  506 

11.  571414204-7-809 

12.  94010610  -7-  987 

17.  940870015  -7-  8764 

18.  1000000000-7-9999 

6680943744279021  -7-  95400621 
721932631 1 12635269 -7-  987654321 
200000001 8760631  -7-  31622777 
7922283322805843200  -7-  879510067 
29622961 1814587191480656  -7-  972744 


29.  Divide  1000  ...•••#•)  with  as  many  noughts  added  as  may  be  necessary  to  give  ten 
pliOM  of  fignrw  in  the  quotient)  by  2302585093. 
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43.  When  the  divisor  is  a  composite  ntimber,  that  is,  can  be  separated 
into  two  or  more  factors,  the  division  can  be  effected  by  the  following  role  :-— 

EULE  IX. 

1°,    Divide  hy  one  factor ^  setting  down  the  quotient  and  remainder, 
2°.    Divide  the  quotient  thus  obtained  hy  another  factor,  setting  down  the  quotient 
and  remainder,  and  so  on,  till  all  the  factors  are  employed.    The  last  quotient 
will  be  the  answer  required. 

3°.  The  proper  remainder  is  found,  when  the  divisor  is  resolved  into  hut  two 
factors,  hy  multiplying  the  second  remainder  hy  the  first  divisor,  and  to  the  product 
adding  the  first  remainder,  but  when  more  than  two  factors  are  employed  hy 
multiplying  the  remainders  after  every  line  hy  all  the  divisors  except  their  own^  and 
adding  the  results. 

Examples. 

Ex.  I.    Divide  569736869  by  15. 

Here,  sinoe  15  is  the  product  of  3  and  5,  it  ia  obviotis  that  the 
quotient  may  be  obtained  from  succeflsive  division  by  3  and  5.         '5 

Here,  the  remainder  2  in  the  first  quotient  is  2  units  of  the 
upper  line ;  but  the  remainder  4  in  the  second  line  consists  of  4 
units  of  the  second  line ;  and  as  each  unit  in  the  second  line  is 
ihne  timt$  as  great  as  each  unit  in  the  upper  line,  the  remainder  4  is  equal  to  3  X  4  nnits  of 
the  upper  Une,  t.^.,  is  equal  to  12  ordinary  units,  hence  the  whole  remainder  is  2  -{- 12,  or  is  14. 

Ex.  2.    Divide  8327965  by  72.  Ex.  3.    Divide  8327965  by  99. 


3 
5 


56973^*^9 
i899i2289,,,«a 

3798*457.... 4 


8 


7» 


8327965 
1040995 


99 


II 


8327965 
925329.. ••4 


115666... .1  84120.. ..9 

To  deduce  the  remainders  which  would  have  been  left  had  the  divisions  been  performed 
by  72  and  99  in  the  usual  way,  we  may  observe  that  the  first  partial  remainder  5  (Ex.  2) 
must  be  unitt;  but  the  second  remainder  must  be  regarded  as  so  many  collections  of  8  units 
each,  and  that  the  first  partial  remainder  4  (Ex.  3)  must  be  uniit;  but  the  second  dividend 
being  as  so  many  collections  of  9  units  eadi,  the  second  remainder  must,  in  this  case,  be 
regarded  as  so  many  collections  of  9  units  each ;  hence  the  true  remainders  in  these  examples 
are  respectively 

I  X  8+5  =  I3>and9X9  +  4=8s• 


Ex.  4«    Divide  2671998  by  192. 
The  &ctors  for  192  are  4  X  6  X  8  =  192. 
2671998 

667999 ....  2 


Ex.  5.    Divide  24533279  by  432. 

Since  6x^X9  =  432,  we  may  diTido 
successively  by  these  numbers. 

24533279 


iii333««««i  X  4  +  2  =  6 


13916....5X  6X4  +  6=  126 

Diridiiigby  4  the  remainder  is  3,  dividing  byd  the 
remainder  is  1,  dividing  by  8  the  remainder  is  5. 
which  gives  a  total  remiunder  126,  found  thus :  the 
remainder  a  is  two  units,  the  second  remainder  is 
one  4  and  2,  making  6,  the  third  remainder  5  is  five 
times  24  (4  X  6)  =  120,  because  having  divided  by 
4  X  6  ss  a4,  the  quotient  111^33  axe  twenty-fours,  so 
that  any  wnmfnder  must  conttst  of  twen^-fonrs;  lao 
added  to  the  iceiTioQS  zenudnder  6,  Kivee  ia6.  Thus 
the  aasvir  i»-^[iiott«iit  13916^  rtnamdor  126. 


/6 
432^  8 


4088879, 


•  t .. 


511109....7  X  6  +  5  =  47 


56789. ... 8  X  8  X6  +  47 
=  remainder  431 

The  first  remainder  is  5,  the  second  remainder  is  7. 
then  7  times  (the  first  divisor  =}  6  +  5  ^e  first 
remainder)  =  47.  The  third  remainder  is  8,  then  8 
times  8  (the  second  divisor)  =  64,  and  64  times  the 
first  divisor  6,  s  384  +  remainder  47f  givei  the  final 
remainder  431. 
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EXAMPTJSS  FOB  "PRACnOE. 


I.  6489275432689467  -7-  14 

a.  598432789648320758  -r-  aa 

3-  56983475689268  -7-  36 

4.  5986432685946896  -7-  63 


5.  987654321012345-7-    66 

6.  543210123456789  .7-  121 

7.  3591321391621911  -r  13a 

8.  490*5507 16552769  .7-  144 


44«    Division  may  also  be  abridged  where  the  divisor  is  terminated  by  a 
cypher  or  cyphers ;  we  proceed  as  follows : — 

EULE  X. 

i^  Cut  off  the  cyphers  from  the  divisor,  and  as  many  figures  from  the  rigM-htmi 
of  the  dividend  as  there  are  cyphers  so  cut  off  at  the  right-hand  end  of  the  divisor^ 
then  proceed  with  the  remaining  figures  in  the  usual  manner  (Bole  Yil  or  YULL)| 
and  if  there  are  anything  remaining  after  the  division  annex  those  figures  which  me 
cut  off  from  the  dividend;  otherwise,  the  figures  cut  off  will  he  the  remainder. 
NoTB. — The  flame  rule  applies  when  the  divisor  and  dividend  both  terminate  with  oyphen. 


P.TAlfPT.TtH. 


Ex.  I.    Divide  3704196  by  ao. 
8,0)370419,6 

185209^1 

In  the  fint  of  thes«  examples  yon  mark  off  with  a 
oomma  the  cypher  or  o  in  the  diTisor,  and  the  first 
figure  6  to  the  right  in  the  diyidend ;  this  is  equiva- 
lent to  dividing  both  divisor  and  dividend  by  10. 
Ton  next  divide  the  remaining  figures  37041 9,  to  the 
left  in  the  dividend,  by  the  divisor  2,  according  to 
Bole  YII ;  thus  is  obtained  the  quotient  185209,  and 
remainder  i ;  to  this  remainder  you  annex  the  figure 
6,  which  was  cut  off,  and  you  have  the  complete 
remainder  16.  The  quotient  may  now  be  correctly 
repxeiented  thus,  185209^. 


Ex.  a.    Divide  31086901  by  7100. 
71,00)310869,01(4378  fHi 

a68 
ai3 


556 
497 


9061   Ant. 


599 
568 

In  the  second  example  yon  foUow  the  iama  rale : 
that  is,  you  out  off  two  cyphers  in  the  diriaor  and 
two  figures  in  the  dividend,  and  obtain  the  quotie&t 
in  the  usual  way,  which  is  4378,  and  lemainder  ti; 
to  this  %i  annex  the  two  flguiea  cut  off  from  uii 
dindend,  and  you  have  the  complete  ranaindar  3101. 

Ex.  3.    Divide  a7i83o  by  30, 

3,o)a7 183,0  ist.    Cut  off  a  cypher  from  the  divisor,  and  also  one  from  the  diTidsiid. 

and.    Divide  a7 1 83,  the  remainder  of  the  dividend,  by  3,  the  remaindar 
of  the  divisor :  the  quotient  9061  is  the  answer. 

ETAMPT.Ttfl   FOB  Pb^OHOB. 

84106000  -7-  Sxaoo 
483795864973306789  -7-  xao 
6550000280034  -7-  6300 
26799534687  ^  7890000 
634394567  -r  164600 

4  5 .  Verification  of  Division.— ( i . )  Multiply  the  quotient  by  the  diviBor, 
or  the  divisor  by  the  quotient,  and  to  the  product  add  the  remainder,  if  there 
be  one.  The  result  ought  to  be  the  same  as  the  dividend ;  because  we  are 
only  adding  the  divisor  the  same  number  of  times,  as  it  was  subtraotod  in 
the  operation  of  division. 


I. 

9357864837986496  -7- 50 

6. 

a. 

674008694738435  -s-  700 

7. 

3- 

987654321670  -i-  3000 

8. 

4. 

17932810740000  -f-  2600 

9- 

5. 

8235460567800  -f-  1440 

10. 
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(2.)  Subtract  the  remainder^  if  any,  from  the  dividend,  and  divide  the  difference 
io  obtained  by  the  quotient.  The  result  should  be  equal  to  the  divisor,  if  the 
working  be  correct. 


ON  THE  USE  OF  BRACKETS. 

46.  Brackets,  which  are  of  several  kinds — e.g.,  ( ),  {  | ,  [  ] — are  used  to 
denote  that  all  numbers  included  within  any  pair  of  them  are  to  be  considered 
as  forming  but  one  number,  and  are,  therefore,  to  be  equally  affected  by  any 
number  not  included  within  the  same  pair  of  brackets,  thus — 

(6  +  3)  X  8  =  9  X  8  =  7a 
This  id  read,  the  sum  of  6  and  3  multiplied  by  8  =  72. 

47.  A  vinoulnm  is  a  sign  sometimes  used  instead  of  brackets.  It  consists 
of  a  line  drawn  over  the  numbers  to  be  considered  as  forming  one  number ; 
thus,  in  4  +  7  =  1 1 ,  4  +  7  is  supposed  to  form  but  a  single  term,  and  is 
read,  the  sum  of  4  and  7 ;  and  2  x  8  +  3  =  22  =  2  X  11  =  22. 

48.  Putting  an  additive  quantity — ^that  is,  one  which  has  the  sign  of 
addition  prefixed  or  understood — ^within  a  bracket,  or  with  a  vinculum  over 
it,  does  not  in  any  way  alter  its  value,  neither  does  the  removing  a  bracket 
or  a  vinculum  affect  the  value  of  such  a  quantity. 

49.  A  vinculum  placed  over,  or  a  bracket  enclosing,  a  subtractive  quantity, 
or  one  having  the  negative  sign  prefixed,  alters  its  value,  unless  we  change 
all  the  signs  but  the  first;  thus,  5  —  3  +  2,  and  5  —  3-^a  are  not  the  same 
thing;  for,  5  —  3  +  2  =  4,  but  5  —  3  +  2,  (3  +  2)  being  considered  now  as 
but  one  quantity,  =  o ;  for  3  +  2  =  5,  therefore  5  —  3  +  2  is  the  same  as 
5  —  5,  which  leaves  nothing,  or,  in  other  words,  it  is  equal  to  o.  If,  however, 
W^  change  all  the  signs  except  the  first,  the  value  of  the  quantity  is  not 
altered  by  the  vinculum  (or  bracket) ;  thus,  5  —  3  +  2  =  4,  and  5  —  3  — a, 
or  5  —  (3  —  2),  also,  are  equal  to  4. 

Again,  17  —  4  +  7  —  3  =  17. 

*7  — (4+ 7  —  3)  =  19- 
But,     37  —  4 — 7  +  3  changing  all  the  iigns  of  the  original  quantities  but  the  first  =  27. 

The  following  example  witt  show  how  the  bracket  or  the  vinculum  affects 
numbers,  according  ad  we  make  it  include  an  additive  or  a  subtractive 
quantity : — 

48  +  7  —  3  —  8  +  7  —  a=  49. 

^g^.(';.-.3  —  8  +  7  —  a}=:49;  what  is  within  the  bracket  being  additive,  it  is 

not  necessary  to  change  any  signs, 
^g  +  ^  —  (3  +  8  —  7  +  a]  =  49 ;  it  is  now  necessary  to  change  all  the  signs  within 

the  bracket. 
48  +  7  —  3  —  (8  —  7  +  a)  =  49 ;  it  is  necessary  in  this  case,  also,  to  chang^  the 

signs. 
4S  +  7  — 3-.8  +  (7  — 1)  =  49;  it  is  n<^  nfii^elslliy^  in  C^ 


\. 
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In  the  above  we  have  sometimes  put  an  additive  and  sometimes  a  sub- 
tractive  quantity  within  the  brackets ;  in  the  former  case  we  were  obliged  to 
change  the  signs  of  all  the  terms  connected  by  the  bracket,  except  the  first— 
that  is,  to  change  all  the  signs  within  the  bracket ;  in  the  latter,  to  preserve 
the  original  value  of  the  quantity,  it  was  not  necessary  to  change  any  sign. 

In  reality,  when  a  subtractive  quantity  is  put  within  brackets,  the  signs  of 
all  the  terms  in  the  bracket  are  changed,  since  the  negative  sign  ( — )  refers 
to  the  whole  quantity  within  the  bracket,  and  not  to  the  first  term,  which 
has  become  positive  (+)•    Hence — 

When  an  expression  in  brackets  is  preceded  by  the  sign  — ,  the  brackets  may 
he  struck  out^  if  the  signs  of  all  the  terms  within  the  brackets  he  changed^  namely^ 
+  into  —  and  —  into  +. 

50.  When  a  quantity  in  brackets,  or  under  the  vinculum,  is  to  be  multi- 
plied by  any  number,  each  of  its  parts  must  be  multiplied,  for,  to  multiply 
the  whole,  we  must  multiply  each  of  its  parts.  Thus,  3  x  (7  +  8  —  3)  = 
3X7  +  3X8  —  3X3;  and  4-^-5  X  8"^3^^^  means  that  each  of  the 
terms  under  the  latter  vinculum  is  to  be  multiplied  by  each  of  these  under 
VtkQformerj  or  by  their  sum. 

5 1 .  When  a  quantity  in  brackets,  or  under  the  vinculum,  is  to  be  divided, 
we  must,  on  removing  the  brackets  or  vinculum,  put  the  divisor  under  each 
of  the  terms  connected  by  the  sign  of  addition,  or  subtraction,  otherwise  the 
value  of  what  was  to  be  divided  will  be  changed ;  thus,  (5  +  6  —  7) -7-3  = 
■I  -(-  -^  —  i)  for  we  do  not  divide  the  whole  unless  we  divide  aU  its  parts. 

The  line  placed  between  the  dividend  and  divisor  occasionally  assumes  the 
place  of  a  vinculum ;  and,  therefore,  when  the  quantity  to  be  divided  is 
subtraction,  it  will  sometimes  be  necesscuy  to  change  the  sig^s — as  already 
directed-thus,  |  +  'i^  =  ^-^'3~3^butV  — '^-^^  +  9-->7-is  +  6.^9.    For' 

when,  as  in  these  cases,  all  the  terms  are  put  under  the  vinculum,  the  effect — 
as  far  as  the  subtraction  signs  are  concerned — is  the  same  as  if  the  vinculum 
were  removed  altogether,  and  then  the  signs  should  be  changed  hack  again  to 
what  they  must  be  considered  to  have  been  before  the  vinculum  was  affixed. 

Sometimes  one  set  of  brackets  is  used  within  another  set,  in  which  case 
the  inner  set  is  to  be  first  removed,  then  the  outer. 

Ex.    Simplify  36— {18 —  (18  — 12)} 

First  zvmoTing  the  inner  braokete  the  ezpreesion  beoomee 

36—  {18  —  18  +  12] 

The  remaining  brackete  being  removed  it  beoomee 

36  —  i8-(- 18  —  12 
or  36  —  12  ^  24. 
KoTB. — Obserre  that  the  inner  brackets  being  preceded  by  the  sign  — ,  on  striking  the 
braokets  out  the  sign  of  the  terms  within  them  are  changed,  — .  to  +.    Sixnilarly,  the  signs 
•It  ehtDged  in  remoTing  the  outer  braokets. 
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Similarly,  if  more  than  one  set  of  brackets  is  used  within  another  set,  we 
begin  by  first  removing  the  inmost  bracketSi  then  the  next  outer  set,  and  so 
on  till  all  are  removed. 

Ex.    SimpUfyia  — [8+  {6  — (4  — r^)}] 

Ex.    Findthevalueofia— [8+  |6  — (4— J^^)}  ] 
Bemoying  the  yinoiilum  we  have  the  exprefldon 

i2-[8+{«-(4-3  +  »)}] 
Again,  by  removing  the  inmost  brackets  we  have 

ia  =  [8+  {6-4  +  3-1}] 
By  removing  the  inner  bracket!  the  expretdon  becomei 

i2  =  [8  +  6  — 4+3  — a] 
Lastly,  removing  the  ontermoet  brackets  we  haTe 

la  — 8  —  6  +  4  — 3  +  a 

Find  the  value  of  the  following  expressions : — 

[8  +  2  {9+3(4  +  3)+i7l+"]Xf 
=  [8  +  2  {9 +  21 +  17}  +ai]xf 

=  [8  +  94  +  >i]X9 

=  "3X9 
=:  1 107 

Examples  pob  FaAonoi. 

Find  the  value  of  the  following  expressions  :— 

'•    43  +  7-3-14;  8X(i7Xi);  (16  — 3)Xa. 
».    3X(aX4);  (61  +  29)^3;   {i98-i-9|  X6. 

3.     {(28-r.7)  +  9}  X2;    {(i6+i8-2)  +  8+4}  X3. 

4*    15  X  37»53  —  73474  —  ^7'5a  -f-  4  +  40734  X  a. 

5.  494871  —  94853  +  (45079  —  3177)  —  (54312  —  3987)  —  (1763  +  231)  +  379  X  379- 

6.  (7854  —  4913)  X  3  -  (20374  -  "530)  -r  53  —  6  +  (39545^  —  »3^)  -r  55^- 
*,      37004  X  1607  +  157       5048  X  ao6   ,   371700 

7-       5 8 +     sT 

8.    (503407  X  82)  —  (3792  X  48)  +  (94185  -r  273)- 

9-    [{(i9  +  «7)-r6+4}  Xio-9i]-r3;  [{27+«4+^(3+«5-i3)-"}-r5]X7 
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APPLICATION  OP  ARITHMETIC  TO  NUMERICAL  MAGNITUDES 
OF  VARIOUS  DENOMINATIONS  NOT  CONNECTED  BY  THE 

COMMON  BASE  OF  NOTATION. 

5  2 .  The  numbers  wliicli  have  been  hitherto  introduced  into  our  calculations 
have  been  independent  of  any  particular  unit,  that  is,  abstract  numbers;  but 
these  numbers  can  only  afford  a  clear  conception  of  the  magnitude  of  objects 
when  the  unit  is  defined  and  known.  By  the  number  24  we  specify  that  the 
number  to  be  measured  is  composed  of  24  times  the  imit  supposed  to  be 
known ;  but  when  we  say  that  the  day  is  composed  of  24  hours,  we  mean 
that  the  unit  of  time  is  the 'duration  of  one  hour^  and  that  24  of  these  hours 
are  equal  to  the  duration  of  one  day.  Numbers  of  this  kind,  composed  of  a 
particular  unit,  which  is  repeated  as  many  times  as  are  indicated  by  an 
abstract  number,  are  termed  eonerete  numbers,  and  are  consequently  products 
of  which  the  multiplicand  is  the  unit,  and  the  multiplier  an  abstract  number. 
Hence,  24  hours  means  24  times  one  hour,  and  36  miles  signifies  36  times 
one  mile. 

53.  A  compound  quantity  is  one  consisting  of  several  others,  expressed 
in  different  units,  as  17  miles  57  yards  2  feet,  jf^  17s.  6d.,  and  the  different 
divisions  into  which  money,  time,  weight,  length,  or  distance,  &o.,  are  divided, 
constitute  so  many  scales  or  systems  of  numeration,  by  means  of  which  opera- 
tions on  concrete  and  compound  numbers  are  assimulated  to  those  on  abstract 
and  simple  numbers. 

The  processes  employed  in  cases  of  this  nature  are  Rsduetion,  and  the 
fundamental  operations  then  called  Compound  Addition^  Compound  Subtraction, 
Compound  MtUtiplieation,  and  Compound  Division,  each  of  which  will  be 
exemplified  in  order,  and  the  usual  tables  of  the  different  divisions  of  money, 
weights  and  measures,  by  means  of  which  these  processes  are  conducted,  will 
be  found  at  the  end  of  the  work. 
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REDUCTION. 
54.    Bednotion  is  the  name  given  to  the  methods  by  which  quantities  are 
changed  to  others  of  the  same  values  but  of  different  denominations ;  as,  for 
instance,  the  changing,  or  reducing  pounds  to  shillings,  pence  to  farthings, 
yards  to  miles,  hours,  &c.,  to  years,  and  so  on. 

ExAMFLM.*— jfa  =  406. ;  where  we  say  that  two  pouncU  has  been  reduced  to  shillings, 
lies.  =:;f5  los. ;  where  we  say  one  hundred  and  ten  shillings  has  been 
reduced  to  pounds  and  shillings. 
NoTH  I. — It  must  be  carefully  noticed  that  the  values  of  these  quantities  are  not  at  all 
altered  by  the  reduction :  the  values  remain  the  same,  the  names  only  are  changed. 

NoTB  II. — ^The  term  reduction  wUl  be  found  to  be  of  very  wide  application,  thus— when 
.  we  wish  to  ask  *<  What  numbers  multiplied  together  will  give  77  P  "    We  express  the  question 
hj  saying  **Meduc$  77  U  Us  prime  faetors" 
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Beduction  is  of  two  kinds,  viz. : — 

1.  When  the  quantity  is  to  be  converted  firom  a  higher  to  a  lower  denomination ;  e.ff,, 
reduce  £$  to  shillings. 

2.  When  the  change  has  to  be  from  a  lower  denomination  to  a  higher;  e.^.,  reduce  106 
shilling  to  pounds. 

1.    To  reduce  a  qnantity  to  a  lower  denoxnination. 

Ex.    B6duc6;^82  topence. 

Since  ;f  I  =  20s.  £i2  will  be  equal  to  82  times  20t.,  i,e,  (20s.  X  82)  or  1640  shillings. 

Also,  since  i  shilling  =:  12  pence,  1640  shillings  will  be  equal  to  1640  times  12  pence,  or 
19680  pence. 

The  preceding  example  enables  us  to  lay  down  the  following  rule  for 
reducing  quantities  to  a  lower  denomination. 

EULE  XI. 

Multiply  the  highest  denomination  hy  the  number  which  expreeeee  how  many  of 
the  next  lower  denomination  make  one  of  the  higher^  and  add  to  the  product  such 
number  of  the  lower  denomination  (if  any)  as  may  he  included  in  the  given  sum, 
Repeat  this  operation  till  the  given  quantity  is  expressed  in  the  required  denomination. 

Examples. 

£z.  I.  Reduce  ;f  163  6s.  8|d.  to  farthings.  Thus,  as  20a.  mako;^!, 
we  multiply  the  number  163  hj  the  number  20,  adding  in  the  number 
6;  the  product  is  3266,  the  number  of  shillings  contained  in  j^i63  6s. 
Again,  since  12  pence  make  is.,  we  multiply  the  last  number  by  12, 
taking  in  the  8 ;  the  product  is  39200,  the  number  of  pence  in  £t  63  6s.  8d. 
And  lastly,  because  4  farthings  make  id.,  multiply  by  4,  and  taking  in 
the  3  farthings,  we  get  156803,  the  number  of  farthings  required. 

£z.  2.    Reduce  ;^28  17s.  6^d.  to  farthings. 

In  this  example  we  have  several  terms  of  different  denominations. 

£  ■•     d. 

28  17    6}  ist.    Multiply  28  by  20,  and  add  17  to  the  product 

20 

577  shillings.       2nd.    Multiply  577  by  12,  and  add  6  to  the  product. 
12 

6930  pence.  3rd.    Multiply  6930  by  4,  and  add  1  to  the  product. 

4 


if 3  6 
20 

d. 
8* 

3266 
12 

39200 

4 

156803 


27721  fuihings. 

Ez«  3.  Let  it  be  required  to  reduce  317  days  14  hours 
and  36  minutes  to  minutes.  Since  24  hours  make  one  day, 
we  multiply  by  24;  and,  in  adding  in  the  14,  we  include 
the  unite  in  the  units'  amount  of  the  product — that  is,  in 
Ihe  first  result  of  the  first  partial  product— and  the  tens  (i) 
in  the  first  result  of  the  second  partial  product.  We  thus 
get  7622,  the  number  of  hours;  this  number  we  multiply 
by  60,  because  60  minutes  make  i  hour,  and  we  add  in  the 

36 — units  with  nnits  and  tens  with  tens,  as  before— and  we  ^     '^  —  iit*  tj>  ^gm 

tlwalliid  the  number  of  minutes  to  be  457356.  -  —  3  7     430- 


D.  H. 

X. 

317  14 

36 

a4 

1272 

635 

7622  hrs. 

M^l^ 

S'T' 

14" 

60 
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Ex.  4.    Eednoe  17  tom  z6  owti.  i  qr.  19  lbs.  to  ounoes. 


lbs. 

17  16  I 

19 

ao 

356owti. 

4 

1425  qw. 
38 

11469 
1851 

39919  Ibf . 
16 

>395i4 

39919 

In  multiplyiDg  by  28,  in  adding  in 
the  19,  we  include  the  units  in  the 
nnits'  amount  of  the  product,  that  la, 
in  the  first  result  of  the  first  partial 
product— and  the  tens  (i)  in  the  first 
result  of  the  second  partial  product 


638704  Of.    Asmfiir. 


Ez.  5.    Bednot  27  fiirlongt  3  yudi  to  inohes  (Z#fi^  M0aiur0), 


tan,  polas.  ydi. 

37      o      3  Haying  reduced  the  furlongs  to 

40  poles  hj  multiplying  the  number 

1)  1080  poIm.  27  by  40  =  1 080,  we  have  next  to 

S9^'  reduce  the  poles  to  yards.    Since 

_^  5}  yards  make  a  pole,  or  perch, 

5400  s=  c  times  1 080  we  have  to  multiply  by  si*    Now 

540  =  t  of  1080  to  multiply  by  \  means  simply  to 

7m  —  *i  ^^mm  .^i^  ***®  *^  *^®  multiplicand,  that 

^_3*timeiio8o  is,  to  dipufo  it  by  2    In  this  ex- 

ample  we  have  1080  X  5  ^  54^0, 
and  1080  -7-  2  =  540 ;  then  5400 
+  540  =  5940  =  s\  times  1080. 

17829  ftei 
la 


1x3948  inohM. 
Ex.  6.    Bednot  14  iora  3  xoodi  17  poles  to  sq[iure  feet  {JS^mre  MlMiure). 


voois*  pdlii* 
14      3       17 

^—  In  this  example  we  have  to 

58  roods.  reduce   square   poles  to  square 

^^  yards,  which  is  done  by  multi- 

4)3337  polis.  plying  by  30J,  the  number  of 

3oJ^  square  yards  in  i  square  pole. 

—  Now,  to  multiply  by  ^  is  to  take  • 

701 10   =30  times  2337  a  fourth  part,  or  to  divide  the 

i^4i  =  t  o'  »337  muUiplif  «nd  by  4.      In  mnlti- 

70694I  =  30I  times  3337  ?^y^^^  ^y  9  ^®  say,  9  times  J  is 

^  3  and  i,  write  down  i  (or  quarter) 

and  carry  3. 


636348^  Amvm. 
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2.    To  rednoe  a  quantity  to  a  higher  denominatioiL 

EULE  xn. 

i^     Divide  the  given  quantity  hy  the  number  which  show*  how  many  of  the  lower 
denomination  make  one  of  the  next  higher. 

2^.    Repeat  thie  operation  till  the  given  quantity  is  expressed  in  the  required 
denomination. 

3°.     If  there  should  he  a  remainder  after  any  divisor^  we  must  set  it  down  as  a 
term  of  the  same  denomination  as  the  dividend  from  which  it  came. 

Examples. 

Ex.  I.    Reduce  337587  farthingt  to  pounds. 

4)337587  Dividing  the  number  of  ficurthinge  by  4,  the  quotient  is  84396 

pence,  and  the  remainder  is  3  farthings,  that  is,  a  term  of  the  same 

I  a)  84396a.  3f.  denomination  as  the  dividend  from  which  it  came.    Dividing  the 

2  o)    701  7S.  od  number  of  pence  by  12  g^ves  7033  shillings,  and  no  remainder, \nd 

dividing  the  number  of  shillings  by  20  g^ves  351  pounds  and  a 

;^35i  13s.  o}d.  remainder  of  13  shillings;  hence,  337587  farthings  are  equal  to 
84396  pence  and  3  fiEurthings,  or  7033  shillings  and  no  pence,  or  equal  to  j^35i  13s.  ofd. 

N.B. — We  divide  by  20  by  the  usual  short  method,  cutting  off  the  last  figure  of  the 
dividend  and  divisor. 

Ez.  2.    Beduoe  15234  farthings  to  ;f  s.  d. 

4)15234  ist.  Divide  by  4 ;  the  remainder,  a,  is  2  farthings,  or  ^. 

12)  38o8d.  2f.  2nd.  Divide  by  12 ;  the  remainder,  4,  is  4  pence,  or  4d. 

>)0}    31)78.  4d.  3rd.  Divide  by  20 ;  the  remainder,  17,  is  17  shillings,  or  17s. 
£1$  17s.  4^.  Answer  £1$  178.  4^ 

Ez.  3»    Let  it  be  required  to  convert  591 241  lbs.  into  tons,  cwts,  &o. 

M)59 1 241  As  2  8  lbs.  make  i  qr.,  the  next  higher  denomina- 

*8       tion  to  pounds,  we  divide  first  by  28,  or  by  7  and 

4)84463  ^y  ^  ^Q  ^^Q  faeiors  of  28,  as  it  is  better  to  use 

4^21 1 1  c— 21  lbs  '^^  division ;  we  thus  get  2 1 1 15  qrs.,  with  21  lbs. 

*  over.    This  number  divided  by  4,  gives  the  num- 

2,0)527,8—3  qrs.  ber  of  cwts.— namely,  5278  and  3  qrs.  over;  and 

lastly,  dividing  by  20,  the  number  of  cwts.  in  i  ton, 

263  tons  18  cwt.  3  qrs.  21  lbs.      ^^  ^^^^  finaDy,  263,  the  number  of  tons ;  so  that 

there  is  263  tons  18  cwt  3  qrs.  21  lbs.  in  591 241  lbs. 

Ex.  4.    fieduoe  3192783  square  feet  to  acres,  roods,  &c.,  &c. 

9)3192783  sq.  feet 

354753  "q-  7^'  ^.■9-  ^^ 


i 
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We  want  now  to  reduce  354753  equaro  yards  to  acres,  roods,  &o.    The  first  thing  to  be 
done  is  to  divide  354753  by  30}  to  bring  the  qaantity  to  perches. 

3c})354753 

4             4 
Now,  if  the  dividend  and  the  divisor  be  both  multiplied  by  the  mm* 

121)1419012(1 1727  term,  the  quotient  will  not  be  thereby  affected ;  therefore,  we  multiply 

'^'  30}  by  4,  thus  malcing  121,  and  354753  by  4,  thns  making  141901a, 

jQ^^  and  dividing  1419012  by  121  the  quotient  is  11727,  *.*.,  ii7*7 

121  perchi'S  and  45  quarters  of  a  square  yard  remains,  !.#.,  ii}  square 

•»—  yards  remain. 

880 
847 
—  It  now  remains  to  reduce  1 1727  perches  to  roods,  &c. 

331 

342  4,0)1172,7 

892  4)393  roods  7  perches. 

^—  73  acres  i  rood  7  perches. 

45 
Therefore,  the  whole  antwer  is  73  acres  1  rood  7  poles  1 1^  square  yards  6  square  feet. 

Ex.  5.    Reduce  22870062  square  inches  to  acres,  &c. 

12)22870062 
144  " 

12)1905838—  6  _ 

\  126  inches. 
9)  158819—10 

3oi    )    17646-  5  feet. 

4  4 


121 


11)70584  quarter  yards. 

11)  6416-8] 

I  41  qr.  yds.  ==  10  yds.  2  ft.  36  in. 

4iO)58»3--3)  5     "6 

4)14—23  poles. 


3  ac.  2  ro.  23  pol.  10  yd.         8  ft.  18  in. 

Ex.  6.    How  many  pounds  avoirdupoise  are  equal  to  2275  pounds  tzoy  P 
2275  lbs.  troy  =  2275  X  57^  grains  =  13 104000  grains 
I  lb.  avoirdupoise  =  7000  grains 
. ' .   2275  lb.  troy  =  (13104000  -r  7000)  lbs.  avoirdupoise  =  1872  lbs.  avoirdupoise  Anewer, 

3275  lbs.  troy. 
5760 


13650 
'59»5 
"375 

7 ,000)  131 04,000  grains. 

1872  lbs.  avoirdupoise. 

Since  each  of  the  above  rules  (Rules  XI  and  XII)  is  the  converse  of  the  other,  the  aocnraey 
of  any  result  obtained  by  either  of  them  maybe  tested  by  working  the  result  back  again  by 
by  the  other  rule. 
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Examples  fob  Fbaotioe. 

1.  Beduce  (proviDg  each  refiult)  ^91  los.  3^(1.  to  farthings;  £ti  138.  6^d.  to  farthings; 
£^31  9^*  I  id-  to  half-pence;  j^-ji  iSs.  3d.  to  three  pences;  >^i9  ids.  gd.  to  threepenny 
pieces ;  1 80565  guineas  to  half-crowns. 

2.  Reduce  (proving  each  resalt)  7 1 834  pence  to  ^  s.  d. ;  9463  farthings  tO;^  s.  d. ;  7 13920 
pence  to  half-crowns;  444912  farthings  to  guineas ;  5673542  farthings  to  pounds. 

3.  Reduce  (proving  each  result)  12  tons  15  cwt.  3  qrs.  17  Ihs.  13  ozs.  (avoirdupoise)  to 
ounces;  125  tons  3  qrs.  14  ozs.  10  drs.  to  drams;  5838297  ozs.  to  tons;  83 lbs.  10  ozs.  3  drs. 
(av.)  to  drams ;  17  tons  4  cwt.  2  qrs.  19  lbs.  13  ozs.  to  ounces  (av.) ;  823  cwt.  2  lbs.  12  ozs. 
to  drams  (av.) ;  9641827  ozs.  (av.)  to  tons,  cwt.  &c. ;  249382  grains  to  lbs.  troy,  and  also  to 
lbs.  av. ;  17  ozs.  14  dwt.  12  grs.  to  grains  troy;  1000  million  ounces  to  tons,  &o.,  av. ; 
685440  grains  to  stones  av, 

4.  Reduce  (proving  each  result)  41  miles  6  furlongs  to  poles;  213  leagues  6  furlongs 
5  inches  to  inches;  200  miles  1  furlong  9  poles  2 J  yards  to  feet  and  inches;  10  million 
inches  to  miles,  furlongs,  &c. ;  713  million  feet  to  furlongs;  720  acres  100  sq.  inches  to  sq. 
inches ;  8 1 34926  sq.  feet  to  acres,  roods,  &c ;  20  million  cubic  inches  to  cubic  yards ;  8374859 
sq.  yards  to  acres. 

5.  Reduce  (proving  each  result)  563  gallons  to  pints;  365843  g^lls  to  gallons;  2  bushels 
3  pecks  2  quarts  to  pints;  i  load  to  pecks;  141  gallons  i  pint  to  pints;  4000000  pints  to 
hogsheads;  1916382  pecks  to  quarts;  81927368  gills  to  gallons,  &c. 

6.  Reduce  (proving  each  result)  36  weeks  5  days  17  hours  to  seconds;  i  month  of  30 
days  23  hours  59  seconds  to  seconds ;  10  million  minutes  to  years  (allowing  365  days  6  hours 
to  a  year) ;  365  days  5  hours  48  minutes  48  seconds  to  seconds ;  looooooo  seconds  to  years. 

7.  How  many  pounds,  avoirdupoise,  are  there  in  2x000  pounds  troy  (reduce  to  grains 
and  back). 

8.  Supposing  a  cubic  foot  of  water  to  weigh  1000  ounces  avoirdupoise,  how  many  troy 
grains  are  there  in  a  cubic  inch  P 

9.  A  gallon  of  water  measures  277  cubic  inches  very  nearly,  and  weighs  10  lbs.  avoirdn- 
poise.    How  many  cubic  feet  and  inches  are  there  in  a  ton  of  water  P 


COMPOUND     ADDITION. 

5  5 .  Compound  Addition  is  the  collecting  into  one  sum  two  or  more  nnmben 
expressed  in  different  denominations ;  and  the  process  is  precisely  similar  to 
that  for  the  addition  of  simple  numbers,  with  this  difference,  that  the  numbers 
connecting  the  different  denominations  must  be  employed  instead  of  ten. 

Ex.    Find  the  sum  of  ;^73  12s.  9^^,  £2$  8s.  4|d.,  ;^68  38. 11^.,  ^£'28  iis.  7id.,  and 
£ty  14s.  ii}d. 

Here  the  numbers  are  arranged  so  that  those  of  the  same  denomination 
are  in  the  same  vertical  column ;  then,  beginning  at  the  lowest  denomi- 
nation, viz.,  farthings,  the  sum  is  13  farthings,  which  are  equivalent  to  3 
pence  and  i  farthing,  the  i  is  therefore  put  down,  and  then  3  pence  are 
carried  to  the  next  column  and  added  thereto,  making  the  entire  number 
of  penoe  45.  But  45  pence  are  3  shillings  and  9  pence,  and  writing  9  pence 
under  the  column  of  pence,  the  3  shillings  are  added  with  the  numbers  in  213  11     9^^ 

the  column  of  shillings,  making  5 1  shillings,  which  are  equal  to  2  pounds 
II  shillings;  writing  11  under  the  column  of  shillings,  and  carrying  the  2  pounds  to  the 
left  oolnmii,  the  entire  number  of  pounds  is  found  to  be  213 ;  consequently,  the  sum  of  the 
wlMli  is  ^213  IIS.  9id. 


£ 

s. 

d. 

73 

12 

9 

*5 

8 

4: 

68 

3 

II- 

28 

II 

7 

17 

H 

"f 
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It  uuLj  be  nolked  thai,  in  ftidin^  ct  i^**  slilizin  eaisKS,  tke  boft  vbj  ■  to  dicregard 
the  Urns  in  tbmt  eolimm  xSL  all  ILe  v«^  h^re  be«=.  tdied :  then,  haTisg  rayclied  tlie  tc^  unit 
figure,  to  proceed  downvuda.  tfck^  in  t^trj  um  ;LftS  arpem.  Thoa,  in  tlie  present 
example,  tke  sum  of  tke  onilA*  ccUt.-  zi  shiZin^s  s  2: ;  so  thai  proceed ing  downwardi, 


taking  in  each  Unma 
£2.  iia. 


re  E^iti  viih  :t« 


ciT  51.  41.  51.  ao  that  tke  warn  f»  51  8hilling%  or 


Two  other  examples  are  here  annexed :  ii^  CEie  in  aroiidapoiM  weight 
and  the  other  in  time.  In  the  £rft  the  r^m  :i  ih«  irasa  is  £>a&i  to  be  56 
drama ;  by  redaction  ve  find  th^:  in  *^iis  dnau  tbEre  arc  3  ok$.  S  dia. 
(56  dirided  bj  16  goes  3  timet  and  S  crer'.  "ve  tJi*reic««  pos  dawn  S  drs. 
and  carrj  3  os.  to  the  next  colasn.  vhich  rive*  x6  ca^  or  2  Iba.  14  on., 
(46  dirided  by  16  goea  3  tbnea  and  14.  c  Ttr\  vxiun^  down  the  14  oaa.  and 
carrying  the  a  Ibe.  to  the  column  of  Iba^  we  art  down  41  Iba^  lor  the  torn 
oi  this  colnmn ;  therefore,  the  whole  asm  t»  41  Ibi.  14  on.  S  dra. 

In  the  next  frrample  the  colamn  of  aecosdi  amocmtato  i  lo  aeooada,  that 
ia,  to  I  minnte  50  aeconda ;  the  50  seconds  is  pet  down,  and  the  i  carried 
to  the  next  colomo,  the  amrmnt  of  which  U  -9  xziiiiatfa,  that  is,  i  koor  19 
minntea,  put  down  19  and  carry  i :  the  hour  <.v!umn  amconts  to  S3  hoars, 
or  3  daya  11  hoars,  11  and  carry  3  to  the  diys  chiasm,  the  amoont  of 
which  ia  1 19  days ;  therefore,  the  whole  amoonta  to  1 19  daya  1 1  hrs.  36 


lU 

om 

1.  drs. 

7 

3 

S 

4 

6 

9 

II 

11 

*5 

S 

»3 

II 

9 

10 

«3 

4« 

»4 

S 

d. 

h. 

m.  a. 

iS 

9 

037 

a? 

21 

II  19 

34 

«3 

9  «5 

*3 

14 

21  19 

10 

7 

14  16 

14 

18 

»3  4 

119 

II 

1950 

To  add  together  a  set  of  concrete  qoantitieg  of  different  denominationa,  the 
rnle  ia  as  folloirB : — 

EULE  XTTT. 


i^  Arrange  the  quant itiet  to  he  added  one  under  anatker^  m  tkai  M  in  th 
iame  vertical  column  may  he  of  the  same  denomination. 

2^  Add  up  the  quatUitiee  of  loweet  denomination;  find  how  wumy  of  tke  next 
denomination  are  contained  in  the  ium  ;  put  the  remainder  under  tke  column  and 
carry  quotient  to  the  next  column. 

3^.     Proceed  in  thie  way  from  column  to  column  till  all  have  hoem  added  t^. 

KoTB. — The  principle  of  this  rale  is  too  obyioas  to  reqaire  any  explanation,  the  carryings 
merely  transCar  the  quantities  of  advanced  denominations  to  the  odamns  in  which  these 
denominations  are  ananged,  jast  as  in  the  addition  oi  ahatnot  nomben. 


(0 


£ 

»3^4 
3^«> 

9*37 
304 

7640 
47000 
36239 

476a 
76S30 

•45^5 


a.  d. 

10  61 

15  i<^ 

12  2', 

19  I 

16  lO 

14  61 

15  6: 

12  7! 
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W       /   «.  d. 
36798  5  vl 
7690  12 

49379  3 
3987  "  ., 

329  15  II; 
59842  10  6 

7604  19 
68432  8 

5000  12 
93245  16 


(3)  £ 

7421 

69840 

827 

7642 

98329 

946 

7600 

89217 

.  74*35 


s. 

d. 

>3 

H 

9 

0 

0 

r 

»9 

n 

12 
16 

5 

5 

8: 

'9 

II; 

12 

6 

16 

6 

Add  togethsr  i  and  1,  and  2  and  3. 


iVwM^fet  and  JPraetiee  of  AritKmttie. 


45 


(4) 
£ 

78946218 

68346236 

7134682 

943654*3 
948796 

46349745 
9932436 

543903*5 
9143690 

96245731 
9946740 

47210040 
9732102 

42468403 
9054650 

34240354 

9024053 
94326000 

99453005 

94600504 

40504050 

94305067 


8. 

d. 

'7 

9 

12 

4: 
4 

H 

18 

6: 

16 

5 

19 

2; 

II 

3 

10 

2; 

12 

4 

I 

'i 

7 

5. 

2 

li 

I 

2 

9 

3i 

10 

4 

2 

3. 

I 

»* 

0 

0 

0 

6 

0 

7i 

3 

0 

4 

0 

(5) 

49679677 
98798768 
98765432 

49678989 

12345678 

42697687 

49944994 

49666783 

98765439 
76579999 
99999976 

27863000 

97877999 
12345678 
49678919 
66778899 
97667899 

9167 8910 

76543210 
76543210 
87654321 
88987654 


(6) 

£ 

49849698 

6813984 
98964932 

498698 
98648975 
89768493 

491876 
4I9931I9 

486719 

99483619 

2^78413 

419382 

98941389 

27863000 

984978 

8I924I98 

6I3249I8 

483296 

998694 

49132869 

91989768 

892300 


(7) 

£ 
98461795 

973589 « 2 

78914587 
84612698 
10798546 

68924679 

54679284 

27863000 
49643210 

58643516 

98456891 

12345678 
45678910 
24681012 

5143789' 
42316789 

34689IOI 

23456789 
34567891 

45432109 

I456789I 

23456789 


(8)         Avoirdapoise. 

tons.    owt.  qn.  lbs.  oss.    dm. 


3114  10 

2120  16 

5240  10 

1716  10 

3289  15 

4174  10 

3256  I a 


2 
o 

3 

3 

2 

o 
I 


10    10 
14      o 


o 

10 

o 

15 


10 

7 

5 
o 


o 
12 

8 
10 

6 

14 


13     H    12 


(9)    Troy  Weight, 

Ibfl.  on.  dwte.  gn. 
827       3     15     16 

174  10 
801       o 

527  II       12      13 

725  5      4      7 


275 
327 


6 

4 


O      II 

13      o 


II   14 

5    " 


(10)  Apothecaries'  Weight 

lbs.     on.  dn.  so.  grs. 

27       3215 


87 
86 


I 

2 


64 
76 
63     10 

5 

2 


3 

4 
I 

2 
7 


o 
a 
I 
o 
I 


3 
8 

a 

I 

9 


(ii)  Long  Measure. 

mOea.  far.  po.  yds.  ft.  in. 

3217     3  20    o    o  10 

4149     o  27     4     2  o 

1320    o  26     3     I  6 

2100      O        O      5      O  II 

730    7       0024 

1257     3  ao    I     I  2 

3101     o       7     1     2  II 


(12}    Sqoare  Measure, 
ao.     ro.  po.  yds,  ft.     in. 


2320 
1276 
3*04 
4764 
7476 
2542 
1876 


I 

3 

2 

I 

2 
I 

2 


26  10 

17  26 

25  2 

13  20 

12  15 

16  10 


2 
I 

3 

7 
I 

2 

I 


no 

70 

126 

87 
136 
132 
120 


(13)  Cubic  Measure. 

c.  yds.  ft.  in. 

372  15  768 

420  13  1076 

325  19  376 

823  20  1045 

598  12  376 

432  16  1567 


(14) 
ft.  in.  loths 
198 
o  II     3 

245 

3    3    9 
380 

305 


COMPOUND    8UBTEA0TI0N. 

56.    Compound  Snbtraotion  is  the  taking  a  less  nnmber  from  a  greater, 
when  both  numbers  are  composed  of  different  denominations. 


Ex.  1.    Let  it  be  required  to  find  the  diffarenoe  between  ;^5  86  i6s.  2d.,and;^232  i8s.  iid. 


£      s.     d. 

586    16      2 
232    18    II 


or 


£  s.  d. 
586  36  14 
233    19    II 


353    X7      3 


353    17      3« 
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We  cannot  take  iid.  from  2d.,  tkervlbn.  separate  tlie  i6a^  in  the  minnend  into  15a.  and 
lad.,  and  add  the  i2d.  to  the  2d.,  making  f4d. :  from  i4d.  take  iid^  and  write  3d.  in  the 
remainder.  Now,  from  the  i6e.  (at  the  fijpire  remains  unaltered)  we  hare  still  to  take  la., 
besides  the  iSs.  in  the  snbtrahend,  t.«.,  we  hare  to  take  aw^j  19^. ;  bat  as  we  cannot  take 
198.  from  168.,  separate  the/'6  in  the  minuend  into  ^^5  and  2c«.,  and  add  the  20s.  to  the  i6«^ 
making  368. ;  tike  198.  from  36a.,  and  write  it*-  in  the  remainder.  From  the  £6  remaining 
unaltered  we  have  still  to  take  away  £1  beeides  the  j£'2  in  the  subtrahend,  tjt^  we  have  to 
take  away  altogether  £1 ;  subtract  1^3  from  £6,  and  write  ^^3  in  the  remainder.  Next, 
snbtract  3  from  8,  and  write  down  remainder  5 ;  and  lastly,  take  2  from  5  gives  remainder 
3 ;  whence  the  entire  difirtmci  i8j£'353  17s.  3d. 


Ex.  2.    Find  the  difference  between  35  yards  2  feet  S  inches  and  52  yards  1  foot  4  inches. 

yds.     ft.     in.  y^     t      ia. 

52       I      4  or  52      4      16 

35      a      8  3^      3        8 

16       I       8  itf      I        8 

Since  the  difference  of  two  quantities  is  not  altered  by  adding  the  same  quantity  to  both, 
we  must  first  add  12  inches  to  the  upper  line,  and  12  inches,  or  i  foot,  to  the  lower  line, 
making  16  inches  in  the  one  and  3  foet  in  the  other.  Again,  as  3  fret  cannot  be  subtracted 
from  I  foot|  we  must  add  3  foet  to  the  upper  line,  and  3  fret,  or  i  yard,  to  the  lower,  making 
4  foet  in  the  former  and  36  yards  in  the  latter.  The  subtraction  can  now  be  effected,  the 
difference  being  16  yds.  and  i  ft  8  in.    Whence  we  have  the  following : — 

EULEXIV. 

I^    Place  the  less  of  ik$  two  pimUitm  under  ike  greater,  mrrm^pmg  ik$ 
denominaticm  oi  in  additum. 


2°.  Chmmence  with  ths  lowest  d^nominMtionj  mut  subtract,  if  th$  upper  mmier 
hs  tuffieienUy  great ;  if  not^  increase  it  hjf  a$  many  a$  irti7  wtaie  i  of  the  next 
denomination^  and  then  subtract,  taking  core  afterwarde  to  carry  1,  at  m  iubtraC' 
tion  ofabetraet  nambere^  and  proceed  in  Uke  manner  with  each  denomination  tiU  the 
iubtraction  i$  finished. 

ExAlfPT.HB  FOB  PbJLCTIGI. 


(0 

W 

(3) 

(4) 

(5) 

£  ».    A. 

£ 

s. 

d.        £       B, 

d. 

/  s.  d. 

£      B.      d. 

45  «4  7i 

"5 

6 

2j     147  8 
St               ^9  13 

(7) 

5f 

1 

>975  n  3, 
897  19  7i 

(8) 

4683  13  5* 
»075  «7  9f 

«»  7  5t 

4  15 

«l 

(«) 

(9) 

tons,  cwtqtfl.  lbs. 

00. 

lbs.  OSS.  dwt.  gn. 

mis.  far 

.  yds.  ft.  in. 

ac  ids.  pols. 

386  15  3  24 

10 

6      5  11  21 

7  3 

105  2  6 

1708  2  17 
489  3  ** 

185  16  3  25 

II 

3  10  10  23 

3  7 

216  I  9 

(10) 

(«0 

(") 

•q.yds.  sq.ft.  •q.ins. 

wks.  dys.  bn. 

min. 

sec 

cub.  yds.  cab.  ft.   cab.  in. 

a?    8 

116 

5   <   17 

33 

n 

n 

n     17 

19    -6 

ns 

5   6   14 

57 

43 

«5 

a5    ^5* 

(•3) 

(14) 

(15) 

(16) 

gals.  qts.  pts. 

mos.  wks.  dys. 

yw. 

wks. 

dys. 

yrs. 

dys.   hn. 

36    2    0 

la 

!  •  i 

a7 

35 

4 

26 

213   II 

33   3   I 

t 

1   3   6 

18 

47 

6 

'9 

231   11 
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COMPOUND     MULTIPLICATION, 

57.  £7  Compound  Multiplication  we  find  what  quantity  is  equal  to  the 
result  obtained  by  repeating  a  compound  quantity  {i,e,,  a  quantity  composed 
of  denominations,  which,  though  differing  among  themselyes,  are  all  of  the 
same  kind),  any  given  number  of  times. 

The  following  is  the  nile  for  multiplying  a  compound  quantity : — 
1.    When  the  multiplier  is  not  greater  than  12. 

RULE  XV. 

Place  the  multiplier  under  the  quantity  of  least  denomination  of  the  multiplicand, 

rnidt^ly  this  term  hy  it,  and  divide  the  product  hy  the  number  that  expresses  how 

many  of  such  quantities  make  1  of  the  next  denomination  ;  put  doum  the  remainder 

f  if  any  J  under  the  right-hand  term  and  carry  the  quotient  to  the  product  arising 

from  the  multiplication  of  the  next  term,  and  so  on^  till  all  the  terms  have  been 

muUiplied. 

Examples. 

Ex.  I.    Required  to  multiply  £l^  i8s.  9d.  by  8,  and  explain  the  proceH. 

^     §.    d.  £   8.    d. 

17     18    9  17  18    9 

8  8 


136  144  72  143  10    o 

1,0)15,0  12)72(6 

■  72 

o 

Putting  the  multiplier  (8)  under  the  pence,  and  multiplying  them  by  the  8,  the  product 
ia  72  pence,  and  dividing  them  by  1 2,  the  number  of  pence  in  a  shilling,  we  get  6  and  o  over, 
80  that  in  72  pence  there  are  6  i^illinga  and  o  pence ;  put  down  the  o  under  the  pence,  and 
carry  the  6  shillings  to  144,  the  shillings'  product,  which  gives  150  shillings,  dividing  by  20, 
the  shillings  in  a  pound,  we  get  7  and  10  over,  so  that  in  a  150  shillings  there  are  7  pounds 
10  shillings ;  putting  down  the  10  under  the  shillings  we  carry  the  7  to  the  pounds'  product. 
The  complete  product  is  ;f  143  los.  od. 

Ex.  2.    Multiply  ;^i6  iis.  i^d.  by  7. 

1.  }  X  7  =  7  feirthings  =  ifd ;  set  down  {d.  and  carry  i.  £   s.     d. 

2.  2d.  X  7  =  i4d.,  which,  with  the  id.  carried,  =:  i5d.  =  is.  3d.,  set  16  11    ijt 

down  3  and  carry  i.  7 

3.  IIS.  X  7  =  77,  which,  with  the  is.  carried,  =  78s.  =  £^  i8s.;  — 

set  down  188.  and  carry  3.  115  18    3f 

4.  £16  X  7  =  113,  which,  with  3  carried,  =:;f  115 ;  set  down  £i  15. 

Ex.  3.    Multiply  2634  tons  13  cwt.  3  qrs.  25  lbs.  by  9. 

toBB,       (20)  owt.  (4)  qrs.  (18)  lbs. 

3634  13  3  »5 

9 


23712 


20)125(6      4)35(8        28)aa5(8 
120  31  224 


48  Principles  and  Practice  of  Arithmetic. 

2.  When  the  multiplier  is  greater  than  12^  and  is  such  as  to  admit  of 
being  formed  from  factors. 

RULE  XVI. 

Multiply  hy  each  factor  in  succemon,  as  in  short  multiplication. 

NoTB. — When  the  multiplicand  contains  farthings,  if  one  of  the  factors  of  the  multiplier 
be  even,  it  will  often  be  adrantageous  to  use  it  first,  as  the  farthings  may  disappear. 

EXAMFLBS. 

Ex.  I.    Multiply  £t2  7s.  iifd.  by  63. 

Since  7  times  9  are  63 ;  if  we  multiply  the  given  quantity  by  7  and  by  9  successively,  i.^., 
multiply  ;^2  3  7s.  ii}d.  by  7,  and  then  multiply  that  result  by  9,  we  shall  by  that  means 
effect  the  multiplication  by  63 ;  hence — 

£    «•  d. 

23    7  11} 

7 

7  times  the  multiplicand  =163  15  10^ 

9 

(9  times  7  times,  t^.)  63  times  the  multiplicand  =:  1474    3    8^ 

Ex.  2.    Multiply  ;f  32  14s.  4}d.  by  36. 

Since  36  =  6  X  ^}  or  4  X  9>  or  3  X  12,  the  sum  may  stand  thus :— 


£ 

3* 

s. 
*4 

d. 

4i 
6 

196 

6 

4 
6 

£ 

s. 

d. 

3» 

14 

4i 

3 

98 

3 

12 

1177  *8    3  ''77  '8     3 

Ex.  3.    Multiply  ;f  27  4s.  o|d.  by  240. 
Since  240  =  4  X  6  X  io>  the  sum  may  stand  thus : — 


£     8. 

32  14 

d. 

4i 

4 

130  17 

7 
9 

II77  18 

3 

£    8.  d. 
27  4  o| 

4 

4  times  the  multiplicand  =:  108  16    2 

6 


(6  times  4  times)  t.^.,  24  times  multiplicand  =  652  17    o 

10 


(4  times  6  times  10  times)  t^.,  240  times  multiplicand  =  6528  10    o 

3.    When,  however,  the  multiplier  exceeds  12,  and  cannot  be  broken  up 
into  factors. 

RULE  xvn. 

Take  the  nearest  number  to  it,  which  is  composed  of  factors,  multiply  hy  these 
factors  successively,  and  correct  the  result  hy  adding  or  subtracting  from  the  product 
so  many  times  the  multiplicand  as  the  assumed  composite  number  is  less  or  greater 
the  given  multiplier. 
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4^ 


Examples. 

Ex.  I.    Multiply  ^105  108.  2d.  by  39. 

Since  6  X  6  -}-  3  =  39. 

If  we  mnltiply  the  given  sum  of  money  by  6,  and  then  that  resnlt  by  6,  and  to  that 
continued  product  add  3  times  the  original  sum  of  money,  we  shall  obtain  the  product  of 
;^io5  I  OS.  2d.  and  39. 

Or,  since  4X10  —  i  =  39,  we  may  multiply  jf  105  los.  2d.  by  4,  and  the  product  by  10, 
andfrom  this  last  product  subtract  ;f  105  los.  2d. 


Multiplicand  = 


6  times  the  multiplicand  := 


£    «.    d. 

X05  10    a 
6 

633     I     o 
6 


(6  times  6  times,  t.#.)  36  times  the  multiplicand  =  3798    6    o 

3  times  the  multiplicand  =    316  10    6 

. ' .  by  addition,  39  times  the  multiplicand  =  41 14  16    6  Amuwr. 


Ex.2.    Multiply ;f 24  17s.  8}d. by23. 

Since  23  =  4X6  —  i,  we  may  multiply  ;^24  178.  8}d.  first  by  4,  then  the  product  by 
6,  and  from  this  last  product  subtract  ;^24  17s.  8}d.  Or,  since  2  X  11  -|-  x  =  23,  we  may 
first  multiply  by  2,  then  this  product  by  1 1,  and  add  to  the  last  product  ^24  17s.  8{d. 


24  17 

d. 

4 

99  «o 

IX 

6 

597  5 
Subtract  24  17 

6 
8* 

£ 

s. 

d. 

24 

17 

8* 

a 

49 

15 

si 

II 

547 

10 

oi 

Add 

a4 

17 

8* 

57a    7    9J 


57a    7    9I 


Ex.  3.    Multiply  37  yds.  a  ft  1 1  in.  by  53. 

Since  6X9  — 1=53  the  work  will  stand 
thus:— 


ydt. 

ft. 

in. 

37 

a 

II 
6 

127 

a 

6 
9 

2050 

I 

6 

Sabt 

37 

a 

II 

aoxa      z- 


Ex.  4.    Multiply  3  tons  a7  Ibf.  13 
by  76. 

Here  7  X  1 1  —  i  =  76. 

tout.  owt.  qrt,  lbs.     on. 
3      o     o      a7      13 

7 


Subt. 


21 

I 

a 

26 

II 

IZ 

a3i 

19 

0 

13 

9 

3 

0 

0 

27 

13 

aaS    iS     3      13     za 


i 
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When  the  multiplier  is  large  we  may  often  proceed  as  in  the  following 

examples : — 

Ex.  5.    Multiply  591  tons  1 1  cwts.  o  qrs.  6  lbs.  by  346. 

tons.    cwto.  qrs.    lbs. 
591      II      o      6    («) 

zo 


10  times  the  nmltiplicand  =:     5915      10      2      4    (h) 

10 


.  * .  100  times  the  multiplicand  =   59155        51x3    (e) 

3 

.*.  300  times  the  multiplicand  =177465       16      o      8 

40  times  the  multiplicand  =r  4  times  the  line  (b)  =    2366s         2       o     16 

6  times  the  multiplicand  =:  6  times  the  line  (a)  =      3549        618 


By  addition  346  times  the  multiplicand  =  204677 

Ex.  6.    Multiply  £^  16s.  3jd.  by  6428. 


£   8.    d. 
83  16    3i    W 
xo 


xo  times  the  multiplicand  =       838    2    8}    (6) 

10 


100  limes  the  multiplicand  =     8381    7    i      (0) 

10 


1000  times  the  multiplicand  =    83813  10  10 


.'.  6000  times  the  multiplicand                                      =502881  5  o 

400  times  the  multiplicand  =  4  times  the  line  (e)  =    33525  8  4 

20  times  the  multiplicand  =  2  times  the  line  (b)  r=      1676  5  5 

8  times  the  multiplicand  =  8  times  the  line  (a)  =       670  10  2 

By  addition,  6428  times  the  multiplicand  =  Answer    538753    811 

N.B. — This  sum  might  have  been  done  as  below : — 

;^83  1 6s.  3|^d.  =  80461  farthings. 

.  * .  6428  times  >^83  16s.  3^d.  =  6428  times  80461  farthings. 

=  517203308  farthings. 
=  ;f  538753  8s.  I  id. 
NoTE.^Should  the  multiplier  consist  of  many  factors,  it  will  be  found,  in  that  case,  con- 
venient to  reduce  the  multii)licand  to  the  lowest  denomination  contained  in  it,  then  to 
multiply  this  result  by  the  multiplier,  and  then  to  reduce  the  result  back  again. 

Examples  fob  Practice. 

I.  £211  4s.  2jd.  X  3»  5»  7»  9-  *•    ;f6o24  8s.  5id.  X  4»  ^.  8,  10. 

"  3-  £^SZ  "8.  6Jd.  X  8,  9,  10,  II,  12.  4.    ;f  3027  los.  3}d.  X  3f  8,  5»  7>  "• 

5.  3  qrs.  6  lbs.  13  ozs.  15  drs.  X  8,  6.    4  tons.  13  cwt.  17  lbs.  10  ozs.  X  9* 

7.  I  cubic  yd.  15  ft.  1124  in.  X  7*  8.     17  gal.  2  qts.  i  pt.  2  gls.  X  4»  5»  ^* 

9.  Multiply  £\6o%  138.  iijd.  by  42,  36,  81,  84,  63,  35,  and  27. 

10.  Multiply  ;f 9700  188.  3jd.  by  23,  41,  26,  34,  and  107. 

11.  Multiply  14  tons  7  cwt.  63  lbs.  by  8,  17,  42,  605,  19,  and  191. 

12.  Multiply  18  gals.  3  qts.  i  pt.  by  16,  17,  19,  401,  and  1500. 

13.  Each  sailor  being  suppofied  to  wei^h  i  cwt.  i  qr.  9  lbs.,  what  is  the  weight  of  a  crew 

of  861  men  ? 

14.  What  is  the  weight  of  a  million  of  bricks  at  4  lbs.  2  ozs.  each,  and  the  cost  at  278.  8d. 

per  1000? 

15.  Telegraph  posts  being  placed  at  132  feet  apart,  what  distance  will  1235  poles  do  for  f 
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i6.    The  circumference  of  a  wheel  is  i6  ft.  i}  in.    How  many  miles  will  it  ran  in  125375 

revolutions  ? 
17.    The  pitch  of  an  endless  screw  is  half  an  inch,  and  it  is  driven  at  the  rate  of  150  turns 

a  minute.    What  is  the  edge  velocity  of  the  wheel  in  feet  per  hour  ? 


COMPOUND     DIVISION. 

58.  Compound  Division  is  a  method  of  dividing  a  compound  number, 
that  is,  a  number  consisting  of  several  denominations  into  as  many  equal 
parts  as  there  are  units  in  the  divisor ;  or,  it  is  the  finding  how  many  times 
one  compound  number  is  contained  in  another  consisting  of  like  denominations. 

1.    When  the  divisor  is  an  abstract  number  not  greater  than  12. 

EULE  XViU. 
Placs  the  numbers  as  in  Simple  Division^  then  find  how  often  the  divisor  is 
contained  in  the  highest  denomination  of  the  dividend;  put  this  number  down  in 
the  quotient ;  if  there  be  a  remainder ^  reduce  that  remainder  to  the  next  inferior 
denomination,  adding  to  it  the  number  of  that  denomination  in  the  dividend,  and 
repeat  the  divisor :  carry  on  this  process  through  the  whole  dividend. 

Examples. 

Ex.  I.    Divide  j^i72  izs.  5}d.  into  5  equal  parts,  t.«.,  find  the  5th  part  ot£i*jiL  iis.  5^. 

Here,  the  quotient  obtained  by  dividing ^17 2  by  5  is  ;^34  with  a  remainder  £  8.  d. 
£2,  put  the  34  under  the  poimds  and  bring  the  £2  into  shillings,  and  add  5)172  11  5^ 
the  40  shillings  so  obtained  to  the  11  shillings  in  the  dividend,  making  51  — ——^ 
shillings;  divide  5 1  shillings  by5;  the  quotient  is  10  shillings,  with  a  remainder  34  10  3} 
of  I  shilling,  write  the  10  under  shillings ;  bring  the  i  shilling  over  into  pence, 
and  add  12  pence  to  5  pence  in  the  dividend;  divide  17  ponce,  so  obtained,  by  5,  and  the 
quotient  is  3  pence,  with  2  pence  remainder ;  bring  2  pence  into  farthings,  and  add  8  farthings 
so  obtained,  to  the  halfpenny,  or  2  farthins:8,  in  the  dividend,  making  10  farthings;  divide 
10  farthings  by  5,  and  the  quotient  is  2  farthings,  or  a  haltppnny ;  write  \  in  the  farthings' 
place  of  the  quotient.    Hence  the  entire  quotient  is  ^^34  los.  3id. 

Pboof. — By  multiplying  the  quotient  by  the  divisor  we  obtain  the  original  £  s.  d. 
iwidtnd;  thus:—  34  10    3} 

5 


i7»  "    5i 


Ex.  a.    Divide  1080  tons  12  owt.  3  qm.  ix  lbs.  by  7. 

Dividing  the  tons  by  7  we  have  154  tons,  with  the  remainder  a.  tons,     ewt  ^m.    lbs. 

This  remainder  is  2  tons,  or  40  cwt.,  which,  with  the  odd  12  cwt.,  ^)lo^o      12      3      ai 

makes  5a  cwt.    Dividing  this  we  get  7  owt.,  and  a  remainder  of  ^"~~" 

3  cwt,  or  I  a  qri.    We  have  now  12  +  3  =  15  qrs.  to  divide.    This  54       7      *        7 
gives  a  qrs.  and  a  remainder  i  qr.,  or  28  lbs ;  with  the  2 1  lbs.  this  gives  49  lbs.    The  division 
of  this  gives  7  lbs. 

Etamplks  von  PnAonoB. 

I.    £%4,  7s.  6d.  -7-  a;  £%/^  7s.  6d.  -7-  3;  ;f  loa  as.  8d.-r  4- 

a.    ,Ci37  68. 4jd,  -i-  5 ;  ;f  284  los.  9d.  -J-  6 ;  ;f  192  4s.  ic|d.  -f-  7. 

3.  £i^%%  iis.5id.  •-7;  ;f3ii  OS.  6d. -7.8;  £$062  18s.9d.-f- 8. 

4.  ;f49*7  I3«-  «!•  -f-  9 ;  £s^^  'S*-  W-  -r  xo- ;  £^^S^  9»-  7H  -f-  11. 

5.  ^^10584  5S.4jd.-f-ii;  £sizs  138.  6d. -f- 12;  ;fioi2i  14s.  3d. -f- i a. 

6.  aj  lbs.  8  OSS.  13  dwt  i  gr.  -;-  7 ;  41  lbs.  11  ozs.  4  dwt  6  grs.  -f-  6 ;   114  tons  5  cwt 

24  lbs. -^8. 

7.  4  tons  3  qrt.  8  lbs.  5  ozi.  -r  9 ;  306  yds.  6  in.  -2-  1 1 ;  42  mis.  5  fur.  4  yds.  -7-  la. 
%.    59  mk.  3  te.  x6  yds.  -7-  » ;  307  ac  17  pis.  -7-  xi ;  577  gals,  a  qts.  -f-  xo. 
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2.    When  the  divisor  is  gpreater  than  12,  and  cannot  be  resolved  into 
fkctors,  we  proceed  according  to  Long  Division. 

Examples. 

Ex.  I.    Divide  jf  23 343  178.  9d.  by  365. 

Here,  say  365  is  in  2334,  6  times,  6  times  365  =  2190,  £      b,    d..    £ 
which  place  under  2334  and  subtract,  the  remainder  is         3^5)^3343  '7     9  (  ^3 

144 ;  bring  down  3  to  the  right  of  the  remainder,  and  *  '9^ 

we  have  the  dividend  1443,  which  contains  365  3  times,  ^ . . . 

3  times  365  =  1095 ;   write  this  down  under  1443  and  J095 

subtract ;  the  remainder  is  ;£" 348.  ■ 

Multiply  ;^348  by  20  to  bring  it  to  shillings,  adding  in  34^ 

the  17  shillings,  which  gives  6977  shillings.    Then  365  ^ 

into  697  is  I,  and  365  X  i  =  3651  which  place  under  697  6977(i9S. 

and  subtract,  leaving  remainder  332,  bring  down  7,  and  ^65 

the  dividend  thus  formed  is  3327,  into  which  365  goes  9  ^— 

times;  9  times  365  =  3285,  which  place  under  3327  and  33^7 

subtract,  the  remainder  is  42  shillings.    Multiply  42  by  32°5 

I  a  to  bring  them  to  pence,  add  the  9  pence  to  the  product,  ~7 

which  is  5 1 3 ;  divide  by  365,  the  quotient  is  z d. ;  multiply  1 2 

365  by  X  =  365 ;  subtract  365  from  5x3,  remainder  i48d. ;  — — 

multiply  X48d.  by  4,  product  592  farthings ;  dividing  592  5 '  3('<^* 

by  365  gives  quotient  i  farthing,  and  227  farthings  over.  3^5 

148 
4 

365 

Bexnainder  227  fiuthings. 
Ex.  a.    Divide  204677  tons  4  cwt.  2  qrs.  4  lbs.  by  346. 

tons.      owt.  qn.  lbs.  tons     cwt.  qrs.   lbs. 
346)204677      424  (591       II      06 
1730 


3167  The  tons  are  dealt  with  as  in  Simple  Division. 
3"4 

~"~  The  191  tons  over  are  converted  into  3820  cwi,  whidh,  with 

^5  the  4  cwt.  in  the  dividend,  make  3824. 

191  This  3824  cwt.  is  divided  by  346  as  in  Simple  Division. 

20 

jj       ^  The  1 8  cwt.  otw  are  similarly  converted  into  71  qrs.,  which 

L5  with  the  a  qrs.  in  the  dividend,  make  74  qrs. 

364  This  74  qrs.  is  divided  by  346,  as  in  Simple  Division,  and 

34^  gives  o  for  the  quotient. 

.  The  74  qrs.  ovtr  are  converted  into  lbs.,  and,  with  the  4  lbs. 

...^  in  the  dividend,  give  2076  lbs. 

74  qrs. 

28  This  2076  lbs.  divided  by  346,  as  in  Simple  Division,  give 

"~;  6  lbs.  as  quotient. 

596 
248 

3076  lbs. 
3076 
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Examples  fob  Pjeuctice. 

I.  £iozo  138.  iijd.  ^  13  ;  ^^289  OS.  8Jd.  -J-  17  ;  £aS^  os.  iijd.  ^  23. 

a.  jCf2i6  38.  9d. -f-244;  ;fi866io2  38.  3id- -r  ^57  ;  /C»6647  iis.  6d. -f- 753. 

3.  ;f37i  28.  9 Jd. -7- 29 ;  ;f7i2  188,  7jd. -r4r. 

4.  ;f7638862  los.  3}d. -;- 879;   ^41005  28.  6d. -f- 984;   ^^787163  98.  4d.  ^  7804. 

5.  /247075  28.9jd.-i-9346;  ;f79i66820  4s.  8id.-^8975;  ji73*44i473  3S- 7H-r  8703»' 

3.     When  the  divisor  is  large,  but  can  be  broken  up  into  two  or  more 
factors,  we  may  divide  separately  by  each  of  these. 

EXAHFLB. 

Ex.    Divide  ^5762  3s.  6d.by24. 

Since  24  =  4  X  6,  or  =  3  X  8,  or  =  a  X  xSf  the  work  may  stand  thus :~ 


£        B. 

4)5763  3 

24 

6)1440  10 

d. 
6 

icj 

240  I 

9f 

• 

£ 

E] 

s.  d. 

I. 

187 

14  II  -^ 

-14 

2. 

*75 

15  'iH 

ri8 

3- 

345 

10  5  - 

r-35 

4. 

2CO 

16  9  - 

r35 

5- 
6. 

400 

363 

0  9  -i 

18   2^- 

-54 
•-81 

£ 
( 3)5761 

(8)1 


8.   d. 
3    6 


£ 
2)5762 


8. 

3 


d. 
6 


920  14    6 
240    I    9} 
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24 


12)2881 


240 


9} 


£        B. 

d. 

7. 

319   2 

9-i 

r  X3> 

8. 

576  3 

o-i 

r  144 

9- 

457  '8 

4-: 

r  400 

10. 

1137  10 

o-i 

f-  2400 

II. 

1556  5 

0-- 

-  3600 

12. 

36a  10 

0- 

I-  6000 

4.    Division  by  10,  100,  1000,  &o.,  is  usuallj  performed  by  pointing  off^ 
one,  two,  three,  &c.,  figures,  respectively,  from  the  right  of  the  dividend. 
Ex.  I.    Divide  ;f  3415  148.  7d.  by  100. 

d.  Here,  dividing  3415  by  100,  we  have  a  quotient  34,  with  remainder  15 ; 

7  we  may  point  off,  therefore,  the  last  itoo  figures  aa  the  remainder,  leaving 

the  rest  for  the  quotient ;  reducing  now  this  remainder  to  Shillings,  and 
adding  in  the  term  14s.,  we  have  to  divide  3148.  by  100,  and  since  the 
quotient  is  3,  with  remainder  14,  we  may  again  point  o£f  the  last  tt/po 
figures  as  the  remainder,  and  so  on. 


£ 
34,15 


8. 

14 


20 


3»i4«- 
12 

1,75  d. 

4 


3»oof« 

Ex.  2.    Divide  ^^576 18  15s.  od.  by  1200. 

Since  1200  =  12  X  100,  the  work  may  stand  thvi  :— 
£        8.     d. 
12)57618    15    o 

100)  48,01     II     3 
20 


0^31  8. 
12 

3,75  d. 

4 
•^^  Here  there  is  no  quotient  from  shillings  and  we  have 

3,00  £  Ant,  £^%  OS.  3{d. 

K3.— In  a  case  where  one  of  the  fftctora  of  the  divisor  is  10,  xoo,  &o.,  it  is  generally  best 
to  divido  M  by  that  &otor. 
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£     8. 

d. 

I. 

176  16 

8- 

r       10 

2. 

329    I 

3- 

f-     100 

3- 

15*1     9 

2  -■ 

-    1000 

4- 

645  16 

8-i 

-  lOOOO 

Examples  fob  Pbagtice. 

5.  262  10  o-^  2400 

6.  Z447  18  4-4-  1000 

7.  26380  4  2  -f-  25000 

8.  1668  15  o-^   150 
9.  Divide  140  weeks  3  days  14  hours  by  100. 

6.    When  the  divisor  and  the  dividend  are  both  compound  nuoabers  of  the 
same  kind. 

EULE  XIX. 

Reduce  loth  numbers  to  the  same  denomination,  divide  as  in  Simple  Divieum,  and 
the  result  wiU  he  the  answer  required. 

Example. 

Ex.    How  often  is  £$  i8s.  7d.  contained  in  ^31  8s.  8d.,  that  is,  divide  £^1  8s.  8d.  by 
£3  1 8s.  7d. 

We  must  first  bring  both  dividend  and  divisor  to  the  same  denomination^  viz.,  pence,  before 
the  division  can  be  effected ;  therefore — 

j^   8.     d.  £9.6.. 

3  18    7  31     8     8 

20  20 


7» 

12 

943 


628 
12 

943)7544(8 
7544 


Hence,  the  quotient  is  the  abstract  number  8,  or  the  dividend  contains  the  divisor  exactly 
8  times. 

Proof.— By  multiplying  the  divisor  by  the  quotient  we  have;^3  i8s.  7d.  X  8  =;f  31  88.  8d. 
by  compound  multiplication. 


How  many  times  does 


Examples  fob  Pkactioe. 


)C        s.    d. 

£    B.     ^ 

I. 

20237    5    0 

contain      850 

a. 

619  15    6 

jj         47  13    6 

3- 

7934  "     0 

„      6^  16  4 

4. 

12075    0    ^ 

„         95  16    8 

5- 

417597    0    0 

u     375  17   6 

6. 

95    ^    3 

»        3  16   3 

7- 

49  tons  7  cwt.  contain  i  ton  3  cwt.  2  qrs. 

8. 

II  tons  4  cwt.  3  qrs.  20  lbs.  contain  3  cwt.  i  qr.  12  lbs. 

9- 

2  miles  76  yds. 

contain  14  yds.  i  ft.  6  in. 

10. 

1 22 1  wks.  3  dys 

.  la  hrs.  contain  3  wks.  la  hrs. 
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CHAPTER  in. 


THE  GREATEST  COMMON  MEASURE  AND  LEAST  COMMON 

MULTIPLE. 


DEFINITIONS. 

59.  When  one  number  divides  another  without  any  remainder,  or  is 
contained  an  exact  ntimber  of  ^times  in  it,  the  former  is  said  to  be  a  Measure 
of  the  latter. 

Thus,  4  and  7  are  contained  an  exact  number  of  times  in  28,  i.e.,  they  divide  it  without 
any  remainder ;  therefore,  4  and  7  are  each  said  to  measure  a 8.  Similarly,  i,  3,  4,  and  6 
are  measures  of  la. 

60.  When  one  number  will  divide  each  of  two  or  more  numbers  without 
remainder,  it  is  said  to  be  a  Common  Measure  of  these  numbers. 

Thus,  4  will  measure  24,  32,  and  112;  therefore,  4  is  a  common  measure  of  24,  32,  and  11  a. 
Similarly,  6  is  a  common  measure  of  18,  24,  and  30. 

61.  The  greatest  number  which  divides  each  of  two  or  more  numbers 
without  remainder  is  called  the  Greatest  Common  Measure  of  these  numbers. 

Thus,  a,  3,  and  6  are  common  measures  of  18  and  30,  but  6  is  the  greatest  common  measure 
of  18  and  30. 
Ghreatest  common  measure  is  usually  written  G.C.M. 

62.  One  number  is  a  multiple  of  another  number  when  it  contains^  i.e.,  can 

be  divided  by  that  other  number  an  exact  number  of  times. 

Thus,  6  is  a  multiple  of  a,  because  6  can  be  exactly  divided  by  2 ;  also,  1 8  and  36  are 
multiples  of  6. 

63.  When  one  number  can  be  exactly  divided  by  two  or  more  numbers,  it 
is  said  to  be  a  Common  Multiple  of  these  numbers. 

Thus,  since  72  can  be  exactly  divided  by  8  and  12,  it  is  said  to  be  a  Common  Multiple  of  8 
and  12.  So  420  is  a  common  multiple  of  2,  3,  4,  5,  6, 7, 10, 12, 14,  15,  20,  21,  28,  30,  35,  42, 
60,  70,  84,  105,  140,  and  210. 

64.  The  least  number  which  can  be  divided  by  each  of  two  or  more  num- 
bers is  called  the  Least  Common  Multiple  of  these  numbers. 

Thus,  x8  is  the  least  common  multiple  of  3,  6,  and  9. 

The  least  common  multiple  is  usuall^f  written  L.C.M. 

The  multiples  of  3  are  3,  6,  9,  12,  15,  18,  21,  24,  27,  30,  &c. 

The  multiples  of  5  are  5,  10,  15,  20,  25,  30,  &c. 

The  common  multiples  of  3  and  5  aie  15,  30,  45,  &c. 

The  L.C.M.  of  3  and  5  is  15. 

Hence,  we  see  that  all  the  common  multiplies  of  3  and  5  are  multiples  of  their  L.C.M. 

The  same  may  be  seen  to  be  true  of  the  common  multiples  of  three  or  more  numbers. 

The  terms  Measure  and  Multiple  are  thus  related  :  since  5  is  a  measure  of 
15,  therefore,  15  is  a  multiple  of  5  ;  here  5  is  said  to  measure  15  by  the  units 
of  the  quotient  3. 


^6  PtineipUi  and  Ptactiee  of  Arithmetic. 

69.    A  Composite  Number  is  a  number  wbich  is  the  product  of  ivro  or 

more  numbers,  i.e.f  a  number  which  is  exactly  divisible  by  other  numbers 

beside  itself  and  unity. 

Thus  63  is  a  composite  number,  because  it  is  the  product  of  7  X  3  X  3>  So  4,  6,  8,  10,  i a, 
14,  15,  16,  18,  20,  21,  24,  &c.,  are  composite  numbers. 

Hence  every  multiple  of  two  or  more  numbers  is  a  composite  number. 

66.  The  Factors  of  any  number  are  those  numbers  which,  when  multiplied 
together,  will  produce  that  number. 

Thus,  2  and  15,  3  and  lo,  5  and  6,  are  fiactors  of  30. 

67.  A  Prime  Number  is  one  which  cannot  be  resolved  into  factors,  t.^.,  a 
number  which  is  not  exactly  divisible  by  any  number  beside  itself  and  unify. 

Thus,  2f  3,  5,  7,  II,  13, 17, 19,  23,  29,  &o.,  aiQ prime  numbers,  none  of  them  being  reduce- 
able  to  Victors. 

Every  measure  of  a  number  is  not  necessarily  a  prime  numhirf  but  every  number  may  be 
reduced  into  prime  factor s^  i.e.,  into  factors  which  are  prime  nuvibers.  Thus,  24  is  measured 
by  6  and  by  4,  but  neither  6  nor  4  is  a  prime  number,  the  first  being  the  product  of  3  X  >, 
and  second  of  2  X  2. 

68.  When  two  or  more  numbers  have  no  common  measure  but  unity  they 
are  said  to  be  Prime  to  one  another. 

Thus,  14  and  55  are  prime  to  each  other,  because  neither  7  nor  a,  the  measures  of  14,  is  a 
measure  of  ss* 

69.  How  to  find  the  O.C.M.  and  L.C.M.  of  two  or  more  numbers. 

Two  problems  are  suggested  by  the  consideration  of  the  subject,  viz. : — 
ist.     now  to  find  the  Q.C.M.  of  two  or  more  numbers. 
2nd.     How  to  find  the  L.C.M.  of  two  or  more  numbers. 

70.  In  investigating  the  methods  by  which  each  of  these  may  be  found, 

we  shall  be  materially  assisted  by  the  following  proposition :  — 

"  A  Common  Measure  of  any  two  numbers  is  also  a  measure  of  their  sum,  of  their 
difference,  and  of  any  multiple  of  any  ofthem.^^ 

Thus,  3  being  a  common  measiire  of  9  and  15,  will  measure  their  sum,  their  difference, 
and  also  any  multiple  of  either  9  or  15. 

The  sum  of  9  and  15  =  9  +  15  =  24  =  3  X  8 
therefore,  3  measures  their  sum  24. 

The  difference  of  15  and  9  =  15  —  9=6  =  2  X  3 
therefore,  3  measures  their  difference  6. 

Again,  36  is  a  multiple  of  9,  and  36  =  3  X  la 

therefore,  3  measures  this  multiple  of  9 ;  and  similarly  any  other  multiple  of  9. 

Again,  75  is  a  multiple  of  15,  and  75  =  3  X  25 

therefore,  3  measures  this  multiple  of  15,  and  similarly  any  other  multiple  of  15. 

71.  To  find  the  greatest  common  measure  of  two  numbers. 

EULE  XX. 

Divide  the  greater  number  by  the  less ;  if  there  be  a  remainder,  divide  the 
first  divisor  by  this  remainder;  if  there  be  still  a' remainder^  divide  the  second 
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divisor  hy  this  remainder,  and  so  on,  always  dividing  the  last  preceding  divisor  by 
the  last  remainder,  until  the  remainder  is  o,  or  i .  The  last  divisor  will  be  the 
greatest  common  measure  required. 

NoTB  I. — When  the  remainder  is  i,  the  given  quantities  have  no  common  measure  except 
unity,  i.e.f  they  are  prime  to  each  other. 

NoTB  II. — It  is  not  absolutely  necessary  that  our  products  should  be  less  than  the 
dividend.  All  that  the  principle  requires  is  that  we  should  take  the  difference  between  the 
dividend  and  the  nearest  multiple  of  the  divisor.  The  method  given  in  the  rule  is  that  most 
usually  employed ;  though,  when  the  next  higher  multiple  would  be  nearer  to  the  dividend 
than  the  next  lower,  the  actual  work  is  considerably  lessened  by  the  adoption  of  the  higher 
multiple.    See  Ex.  2. 

The  process  will  be  best  understood  by  an  example. 

Examples. 

Ex.  I.    Find  the  greatest  common  measure  G.C.M.  of  348  and  738. 

348)738(2  The  larger,  738,  is  divided  by  348,  leaving  the  remainder  4a. 

^9^  348  is  now  divided  by  42,  leaving  remainder  12.    42  is  divided 

>    R^R  ^y  '*•  leaving  remainder  6.     12  is  divided  by  6,  leaving  no 

^^t6  remainder.    The  last  divisor  6  is  the  G.C.M. 

12)42(3 
36 

6)12(2 
12 

fieaion  of  the  process. — Whatever  number  divides  348  and  738  must  divide  twice  348  or 
696,  and,  thereforey.738  —  696,  or  42.  For,  suppose  it  does  not  go  an  exact  number  of  times 
in  42,  then  (since  it  does  go  an  exact  number  of  times  in  696)  it  would  not  go  an  exact 
number  of  times  in  696  4-  42f  or  738.  but  by  the  hypothesis  it  does,  since  it  is  a  measure  of 
738.  Hence,  every  number  that  divides  348  and  738  will  also  divide  348  and  42.  And, 
similarly,  every  number  which  divides  348  and  42  will  also  divide  738.  Hence,  the  g^reatest 
number  which  divides  42  and  348  will  bo  the  greatest  number  which  will  divide  348  and  7^8 ; 
that  is,  the  G.C.M.  of  348  and  738  is  the  same  as  the  G.C.M.  of  348  ani  42.  In  the  same 
manner  it  may  be  shown  that  the  G.C.M.  of  348  and  42  is  the  G.C.M.  of  42  and  12,  and  the 
G.C.M.  of  42  and  12  is  the  G.C.M.  of  348  and  738. 

•  

72.    The  reason  for  this  rule  may  be  represented  by  lines  as  follows : — 
To  find  the  O.C.M.  of  49  and  1 1 2. 

A  B        G  F  E  D  0 

I . II        II        I        I 

Let  AC  represent  a  line  of  112  inches,  and  AB  49  inches.  It  is  required  to  find  the  line 
of  greatest  length  which  exactly  measures  AB  and  AC.  From  BC  cut  off  BD,  to  equal  AB. 
Then  since  the  required  lino  is  contained  an  exact  number  of  times  in  AB,  it  is  also  in  BD. 
But  it  is  contained  an  exact  number  of  times  in  AC,  therefore  it  must  be  in  DC,  that  is,  in 
14  inches ;  and  it  must  be  the  line  of  greatest  length  which  is  exactly  contained  in  DC  and 
DB.  From  DB  cut  off  parts  DE,  EF,  FG,  each  equal  to  DC,  then  Uie  required  line  must 
be  contained  an  exact  number  of  times  in  BG,  that  is,  in  7  inches,  and  be  the  greatest  line^ 
which  IB  exactly  contained  in  BG  and  GF.  But  BG  is  half  GF,  therefore  BG  is  the 
required  Une. 
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Ex.  2.    Find  tlie  greatest  common  measure  of  891  and  3429. 

891)3439(4  In  finding  the  G.C.M.  in  this  example,  the  work  hat  beoa 

35^4  shortened  by  taking  the  quotient  figures  4  and  7,  becaue  the 

^^     ,  products  3564  and  945  differ  less  from  the  dividends  3429  and 

'945  *^''  ^^^  if  3  and  6  had  been  taken. 
Here  27  is  the  G.C.M.  of  891  and  3429. 

54)«35(» 
108 

a7)54(» 
54 

Ex.  3.    Knd  the  greatest  common  measure  of  3852  and  762896. 

3852)762896(198 
385^ 

37769 
34668 


31016 
30816 


k 


200)3852(19 
3800 

52)200(4 
208 

~)5«(6 
48 

4)8(2 
8 
Here  4  is  the  G.C.M.  of  3852  and  762896.  — 

73.  This  process  enables  us  to  find  the  G-.O.M.  in  all  cases.  But  in  the 
case  of  small  numbers  it  can  often  be  seen  by  inspection,  and  the  student 
must  accustom  himself  to  do  so.  Thus,  since  48  =  1 2  X  4,  and  60  =  12  X  5f 
1 2  is  evidently  the  greatest  common  measure  of  48  and  60. 

74.  To  find  the  O.C.M.  of  three  numbers,  we  first  find  the  G.C.M.  of  two 
of  the  numbers,  and  then  the  greatest  common  measure  of  the  result  of  the 
third  number ;  and,  similarly,  if  there  were  more  numbers. 

Examples  fob  Pbaotice. 
Find  the  greatest  common  multiple  of — 

1.  24  and  36 ;  36  and  45 ;  121  and  143 ;  87  and  145 ;  289  and  529. 

2.  567  and  576;  looi  and  1331 ;  729  and  999;  175  and  2042 ;  1878  and  3443. 

3.  2314  and  3721 ;  7512  and  12207  ;  13731  and  19366;  553*8  "^d  22755. 

4.  107358  and  10727 1 ;  814407  and  91797  ;  63404  and  42867  ;  12679235  and  1864381. 

5.  2442431  and  1562009;  1718446  and  4439618;  2158654  and  12130265. 

6.  252177  and  3628013;  68590142  and  85044059;  318732033187  and  32033187203. 

7.  726221432301  and  432301726221 ;  3«873»o33»87  and  320331873203. 

75.  To  find  the  Least  Common  Multiple  of  two  or  more  numbers. 

EULE  XXI. 
i^.     Saving  arranged  all  the  numbers  in  a  row,  cancel  those  which  exactly  divide 
ang  of  the  others. 
2^.     Select  from  the  numbers  which  remain  that  one  which  appears  tc  amUrin 
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the  greatest  number  of  different  factors,  and  divide  all  the  uncancelled  numbers  in 
succession  by  the  greatest  number  which  will  divide  each  of  them  and  the  aforesaid 
selected  numhery  putting  down  the  quotients  for  a  second  row. 

3°.  Treat  this  second  row  as  the  first,  that  is,  cancel  every  number  which  exactly 
divides  any  of  the  others.  Then,  if  the  uncancelled  numbers  in  the  second  row  be 
all  prims  to  one  another,  the  operation  will  be  finished;  for  the  continued  product 
of  the  numbers  in  this  line  and  the  divisor  will  be  the  least  common  multiple. 
Should  the  uncancelled  numbers  in  the  second  row  be  not  all  prime  to  one  another ^ 
then  we  may  conclude  that  an  unsuitable  number  has  been  selected,  and  another 
number^  taken  from  the  given  numbers,  must  be  used  instead,  always  taking  that 
which  offers  the  greatest  number  of  different  factors. 

Examples. 
Ex.  I.    Find  the  least  common  multiple,  L.C.M.,  of  6,  8,  la,  14,  15,  x8,  20,  ai,  and  14. 

a4)lS(,  a,  Xi,  14,  i5»  18,  ao,  ai,  and  a4 

T»  ^f  3>  5»  7 
3X5X7X24=  2520 
Strike  out  all  the  nnmbers  which  will  divide  any  of  the  other  nnmbers  exactly,  as  6,  8, 12, 
which  divide  a4.  Selecting  a4  as  the  number  containing  the  most  factors,  write  it  outside. 
Divide  the  other  numbers  in  succession  by  the  greatest  number  which  will  divide  each  of 
them  and  34;  thus,  the  G.C.M.  of  24  and  14  is  2,  leaving  7  ;  of  24  and  15  is  3,  leaving  5 ; 
of  24  and  18  is  6,  leaving  3 ;  of  24  and  20  is  4,  leaving  5 ;  of  24  and  21  is  3,  leaving  7.  Then 
7  cancels  7,  5  cancels  5,  and  the  remaining  figures  in  the  row,  viz.,  3,  5,  7,  being  all  prime 
to  one  another,  their  continued  product  and  the  divisor  24  gives  the  L.C.M.  =  2520. 

SMion  of  the  prooeis. — We  see  that  2520  =:  24  X  3  X  5  X  7<  Hence  it  contains  as 
&ctors  all  the  given  numbers,  for  6,  8,  12  are  each  contained  in  24 ;  the  part  of  14,  viz.,  7, 
not  contained  in  the  24  is  introduced  by  the  factor  7  ;  the  part  of  15  not  contained  in  24  is 
introduced  by  the  factor  5,  and  so  on  for  the  other  numbers.  A<(ain,  we  cannot  dispense 
with  any  of  the  factors  3,  5,  7 ;  for,  if  the  L.C.M.  did  not  contain  the  factor  3,  beside  tbe 
liutor  6  in  the  24,  it  would  not  be  a  multiple  of  18  ;  and,  similarly,  the  other  factors,  5  and 
7,  are  necessary.  Hence,  2520  is  a  common  multiple  of  all  the  given  numbers,  and  if  we 
took  away  any  of  the  factors  composing  it,  it  would  cease  to  contain  one  or  more  of  the 
given  numbers.    It  is,  therefore,  the  L.G.M.  of  the  given  numbers, 

Ex.  a.    Find  the  least  nmnber  that  can  be  divided  by  5,  6,  9,  15,  24,  27,  and  126. 

The&oton— 

126)11,11,  81,  15,  a4,a7,  126 

i5»    4,    ^ 
Therefore,  126  X  15  X  4  =  7560,  the  number  required. 
Strike  out  5,  6,  9,  as  they  are  contained  in  15,  24  and  27  respectively ;  then  the  G  O.M. 
of  126  and  24  is  6,  leaving  4 ;  of  126  and  27  is  9,  leaving  3 ;   cancel  the  3  as  it  is  contained 
in  15.    Then  the  continued  product  of  126  X  15  X  4  =  7560,  the  number  required. 

Ex.  3.    Bequired  the  least  oommon  multiple  of  7, 12,  15,  27,  35,  40,  and  45. 

45)t,  ia,X^,  27»35»40,45 

."•45X3X7X8  =  7560  Atu. 

3  divides  45  and  12,  leaving  4;  9  divides  45  and  27,  leaving  3;  5  divides  45  and  35, 
leaving  7  ;  5  divides  45  and  40,  leaving  8  ;  cancel  4  as  it  is  contained  in  8 ;  and  since  the 
remaining  figures  3,  7,  8  have  no  common  measure  but  unity ;  the  continued  product  of 
theee  and  45  gives  7560  as  the  L.C.M.  required. 


6o  Principles  and  Practice  of  Arithmeiic. 

'  -■ — 

Ez.^4.    Beqnired  the  L.C.M.  of  8,  9,  zo,  12,  25,  32,  75,  and  80. 

75)H,  9.  W,  ",  !^§,  32,  75,  80 

3,         %        32,        X5 
•  *  •  75  X  3  X  3>  =  7200 

76.  The  least  common  multiple  of  two  or  more  numbers  may  also  be  found 
by  the  following  process : — 

EULE  xxn. 

i^.  "  Write  the  numhers  in  a  line,  and  strike  out  any  that  are  contained  in  any 
of  the  others.  Divide  those  not  struck  out  by  any  number  that  will  exactly  divide 
one  of  them:  under  any  which  it  exactly  measures  place  the  corresponding  quotient; 
under  any  which  it  partially  measures  containing  some  factor  common  to  it^  (but  not 
being  itself  wholly  contained  in  itj^  place  the  quotient  obtained  by  dividing  it  by  the 
common  factor  ;  and  under  any  which  it  does  not  measure  at  all,  repeat  the  number 
itself. 

2**,  Now  treat  the  new  line  thus  formed  in  the  same  manner  as  the  first,  and  so 
on  until  aU  the  numbers  left  in  any  line  have  no  common  measure  but  unity. 

3^.     Then  the  continued  product  of  the  numhers  in  this  line  and  all  the  divisors 

is  L.C.M.  required  of  the  given  numbers.^^ 

KoTB.— It  will  generally  be  most  convenient  to  take  pretty  large  numbers,  if  possiblOf  for 
diTisors,  as  fewer  lines  will  thos  be  necessary,  especially  if  such  be  chosen  as  contain  them- 
flelves  many  simple  factors.  Thus,  12  contains  the  factors  2,  3,  4,  6,  and  12,  and  is,  there- 
fore, when  possible,  a  very  good  divisor  to  be  employed. 

Examples. 

Ex.  I.    Find  the  L.C.M.  of  24,  16,  6,  20,  4,  8,  zo,  30,  12,  25. 

12)24,  16, 15,  20,  \,  )gl,  XIEI,  30,  \%  25 

^,    4f        ^»  ^,        »5 

. * .  L.C.M.  =  12X4X25  =  1200. 
Strike  out  6, 4,  8,  and  12,  as  they  are  contained  in  24 ;  having  placed  12  outside  as  divisor, 
divide  the  other  nambers  in  succession  by  the  greatest  number  which  will  divide  each  of 
them  and  12 ;  thus,  12  goes  into  24  2 ;  the  Q.C.M.  of  12  and  16  is  4,  leaving  4;  of  12  and 
30  is  4,  leaving  5 ;  of  12  and  30  is  6,  le:iving  5 ;  bring  down  25.  Next,  cancel  2  as  it  is 
contained  in  4 ;  cancel  5  and  5  because  they  are  contained  in  25 ;  and  the  remaining  figures, 
vis.,  4  and  25,  are  prime  to  one  another,  having  no  common  measure  but  unity.  Then  the 
continued  product  of  4  X  25  X  12  =  1200,  the  L.C.M.  required. 

Ex«  2.    What  is  the  least  number  that  can  be  divided  by  each  of  14, 16, 40,  50,  25,  8,  64. 

io)i4,X)a,  40,  50,  !J§,a,  64 

7,  4,    5>  3» 

.*.7X4X5X3»X  io=xi20oL.C.M. 

Ex.  3.    Find  the  least  common  multiple  of  27,  24,  6, 15,  5,  9,  126. 

9)27,  24,  H,  15,  ^,  $,  126 

a)3»    8»        5»  14 


^ffm 


3.    4,        5»  7 

•'.3X4X5X7X9X2  =  7560 

ipare  this  with  Ez«  1,  page  59. 
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ExAMPLKfl  FOB  PbAOTIOE. 

Find  the  least  common  multiple  of — 

1.  2,  3,  4.  6 ;  4,  5,  15,  20 ;  15,  21,  35,  40 ;  36  and  75. 

2.  319  and  407  ;  333  and  504;  2961  and  799 ;  8,  9,  12,  18. 

3-  6,  15,  27,  35 ;  3,  9,  7,  15,  18,  and  42 ;  75,  125,  and  1000;  54,  96,  and  64. 

4.  12,  20,  24,  54,  81,  63,  and  14;  225,  255,  289,  1023,  and  4095, 

5.  8,  18,  28,  35,  54,  72,  and  90;  30,  60,  90,  150,  180,  300,  450,  and  900. 

6.  12,  18,  24,  27,  36,  and  42 ;  15,  21,  25,  36,  48,  60,  78,  9,  18,  24,  72,  and  144. 

7.  9,  16,  42,  63,  21,  14,  and  72 ;  34,  51,  85,  65,  104,  and  117. 

8.  29,  27,  216,  261,  297,  and  783;  343,  5929,  7007,  8281,  and  16807. 

9.  221,  117,  153,  289,  169,  and  81 ;  529,  437,  361,  161,  and  133. 

10.  105,  403,  248,  221,  119,  and  12648;  35z8,  25725,  23625,  and  432. 

xr.  658,  752,  1222,  1410,  and  2444;  13792381,  32080621,  33452239,  and  5806592401. 

MisoELLAi^ous  Examples  in  O.C.M.  and  L.C.M. 

1.  What  multiple  of  5  results  from  multiplying  314725  by  9  ? 

2.  What  number  is  the  same  multiple  of  5  that  148995  is  of  5  P 

3.  Of  all  the  numbers  beside  unity  that  may  be  subtracted  from  7905  an  exact  number 
of  times,  which  is  that  which  may  be  taken  the  greatest,  and  which  the  least,  number  of  times  ? 

4.  What  is  the  least  number  from  which  34, 510, 91,  and  z6,  may  each  be  taken  an  exact 
number  of  times  ? 

5.  What  is  the  least  number  by  which  17595  most  be  multiplied,  that  36  may  be  taken 
from  the  product  an  exact  number  of  times  ? 

6.  A  school  was  found  to  contain  such  a  number  of  boys  that  whether  arranged  in  sixes, 
sevens,  nines,  or  elevens,  there  were  always  five  over ;  how  many  children  at  least  did  the 
school  contain  ? 

7.  Find  all  the  numbers  which  will  divide  396,  5184,  and  6912,  without  a  remainder, 
and  the  smallest  number  they  will  all  divide  without  a  remainder. 

In  practice  the  L.C.M.  may  often  be  written  down  at  once.  Example^8,  12, 15, 16,  and 
18.  The  L.C.M.  =  15  X  16  X  3  =  720,  for  the  numbers  15  and  16  having  no  common 
&ctor,  must  both  remain  in  the  L.C.M,  8  is  included  in  the  16,  12  partly  in  the  15,  partly 
in  the  16,  and  18  containing  the  factor  3  twice,  requires  the  addition  of  the  £Etctor  3,  since 
15  contains  it  only  once,  and  16  not  at  all. 

8.  What  is  the  least  number  of  dollars  at  4s.  ad.  each,  which  is  equal  to  an  exact  number 
of  sovereigns  P 

9.  Standard  gold  being  coined  at  the  rate  of  ;^3  17s.  lo^d.  per  oz.,  what  is  the  least 
number  of  ounces  which  can  be  coined  into  an  exact  number  of  sovereigns  P 

10.  Eight  bells  begin  tolling  simultaneously,  and  they  toll  at  intervals  of  i,  2,  3,  4,  5,  6, 
7,  and  8  seconds,  respectively ;  after  what  interval  of  time  will  they  again  be  tolling  at  the 
same  instant  P 

11.  What  is  the  common  unit  which  will  express  10080  minutes,  and  15840  minutes,  in 
the  smallest  possible  integral  numbers  P 

12.  Find  all  the  common  multiples  of  27,  36,  and  45,  which  are  less  than  2000  ? 

13.  Two  bells,  which  toll  respectively  every  4  and  6  seconds,  commence  tolling  together ; 
how  often  will  they  be  tolling  simultaneously  in  an  hour  ? 

14.  Three  boys  start  together  to  run  round  a  ring,  and  they  ran  round  it  in  4,  5,  and  6 
minutes  respectively ;  when  will  they  all  be  together  again,  and  how  many  times  will  they 
each  have  been  round  ? 

15.  A  has  5040  shillings,  B  haa  5292,  and  they  wish  each  to  separate  their  own  money 
into  equal  heaps,  so  that  A's  heaps  are  as  large  as  B's,  and  each  as  large  as  possible ;  how 
many  shillings  must  they  put  into  each  heap,  and  how  many  heaps  will  they  each  have  P 

16.  Two  foot  rules  are  divided,  one  into  120  divisions  and  the  other  into  96 ;  if  they  are 
placed  side  by  side,  how  many  divisions  will  coincide  P 

17.  Two  cog-wheels  containing  32  and  36  cogs,  respectively,  work  together ;  if  the  large 
wheel  hai  made  64  revolutions,  how  often  have  the  same  oogs  been  in  oontaot  P 
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CHAPTEE  IV. 


FBACTIONS. 


DEFINITIONS. 

77.    A  Fraotion  is  a  part  or  parts  of  unity  or  one. 

The  nature  of  a  fractioa  will  be  understood  by  snpporiog  that  a  unit  of  any  kind  !• 
divided  into  several  equal  parts.    One  or  more  of  these  parts  is  called  a  fraotion  of  tliat  unit 

A  fraction  in  its  simplest  form  consists  of  two  numbers  placed  one  OTor 
the  other  with  a  line  between  them. 

The  number  under  the  line  denotes  the  number  of  parts  into  whidi  the 
unit  is  divided,  and  is  called  The  Denominator  of  the  fraction,  $.#.,  the  **  mane 
given f^'  because  it  gives  the  name  to  the  parts. 

The  figure  placed  above  the  line  is  called  The  Numerator^  i.e.^  the  ^'miMiirw*," 

because  it  shows  how  many  of  the  parts  named  by  the  denominator  are  to  be 

taken. 

Thus,  if  the  unit  be  a  yard,  the  fraction  |  signifies  that  the  yard  is  divided  into  8  equal 
part«,  and  three  of  these  parts  are  taken.  It  is  read  thr^-eightht.  If  the  unit  be  divided 
into  2,  3,  4i  5,  or  6  equal  parts,  the  corresponding  fractions  with  their  names  are  as  follows; 
,  one-half;  J,  one-third;  J,  on$-fowrih;  J,  om-Jifth  ;  ^,  one-^ixth. 


VULGAB     FBACTIONS. 

78.  In  treating  of  the  subject  of  Vulgar  Fractions,  it  is  usual  to  make  the 
following  distinctions : — 

1.  A  Proper  Fraction  is  one  whose  numerator  is  Uee  than  its  denominator ; 
thus,  \i  -^,  are  proper  fractions. 

2.  An  Improper  Fraotion  is  one  whose  numerator  is  either  equal  to,  or 
greater  than,  its  denominator,  as  f,  ^{^  y,  V^. 

3.  A  Simple  Fraction  has  only  one  numerator,  and  one  denominatori 
which  are  called  the  terms  of  the  fraction,  as  ^,  f,  f. 

4.  A  Mixed  Number  consists  of  a  whole  number  and  a  fraction ;  thos, 
^ii  ^f  c^^  ^Sh  ^^c^  represent,  respectively,  i  unit  together  with  ^  of  a 
unit ;  6  units  together  with  fths  of  a  unit,  and  1 9  units  together  with  ^^th  of 

a  unit. 

NoTB.— It  is  evident  that  i^,  6|,  and  15^  is  each  only  a  shortened  form  of  z  +  },  6  + 1^ 
and  15  +  i,  the  sign  +  (plut)  heing  understood. 

5.  A  Complex  Fraotion  is  one  which  has  either  a  fraction  or  a  mixed 
number  in  one  or  both  terms  of  the  fraotion ;  thus, — 

i     2i    J     21    iofi    are  complex  fractions. 

6.  A  Compound  Fraotion  is  a  fraction  of  a  fraction,  that  is,  two  or  more 
simple  fractions  connected  by  the  word  of;  thus,  |^  of  i,  where  f  is  the 
quantity  of  which  f  is  to  be  taken,  zi  of  f  of  3^ . 
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79.  It  18  clear,  from  what  has  been  said,  that  every  integer  may  be  con- 
sidered as  a  fraction  whose  denominator  is  i ;  thus,  5  =  f ,  for  the  unit  is 
divided  into  i  part,  comprising  the  whole  unit,  and  5  of  such  parts,  that  is, 
5  units,  are  taken. 

80.  To  show  that }  of  i  =  i  of  2,  or  the  third  part  of  2. 

f  of  I  if  a  third  parts  of  anity. 

Now  z  IB  3  third  parts  of  unity. 

Therefore,  a  is  6  third  parts  of  unity. 

Therefore,  ^  of  a  is  |  of  6  third  parts  of  unity,  t.#.,  is  2  third  parts  of  unity. 

Bat }  of  X  =  I  of  a,  t.#.,  =  a  -r-  3. 

Or,  we  may  show  that }  of  i  ==  |  of  a  by  the  following  illustration. 

A  a  6  B  0  <i  0 

I      I      I      I      i      I      I 


Let  AB,  BO  eaoh  represent  nnity ;  then  AO  represents  2. 

Diyide  AB,  BO  each  into  3  equal  parts  inahfed.  Then  AO  is  divided  into  3  equal  parts 
inhc, 

Af<ain,  since  AO  represents  a,  kb  represents  \  of  2. 

Hence,  f  =  |  of  a. 

Hence  we  may  consider  the  fraction  }  to  represent  either  '*  nnity  divided  into  3  equal 
parts,  of  which  a  parts  are  taken,"  or  else  "  the  integer  a  divided  into  3  equal  parts,  of 
which  one  is  taken." 

81.  The  following  definition  of  a  fraction  will  now  be  easily  understood. 
A  Fraction  is  a  simple  means  of  expressing  the  division  of  the  numerator 

by  the  denominator,  e.g,^ — 

The  fraction  f  =  (i)  three  sevenths  of  one. 

=  (2}  one  seventh  of  three,  which  is  found  by  dividing  3  by  7,  t.#.,  the 
numerator  by  the  denominator. 

Hence  we  see  that  one  of  the  definitions  above  involves  the  other. 

82.  From  the  notion  attached  to  the  words  numerator  and  denominator, 
it  is  evident  that — 

1. — A  fraction  is  increased  by  increasing  the  numerator. 
2. — ^A  fraction  is  increased  by  decreasing  the  denominator. 
3. — ^A  fraction  is  diminished  by  diminishing  the  numerator. 
4. — A  fraction  is  decreased  by  increasing  the  denominator. 

For,  by  increasing  or  diminishing  the  numerator  we  take  more  or  fewer  of  the  parts  of 
the  unit ;  by  diminishing  the  denominator  the  magnitude  of  the  parts  is  increased,  while  the 
same  number  of  parts  are  taken. 

Also,  if  the  denominator  be  increased,  the  magnitude  of  the  parts  is  diminished  and  the 
fraction  ia  diminished. 

Thus  the  fraction — 

f  is  three  times  greater  than  ^ ;  f  is  the  double  of  f. 

•{•  is  three  times  greater  than  iV  *  t  ^  ^^®  double  of  ^jj. 

^  is  the  third  part  of  ^ ;  -^^  are  the  half  of  if. 

{-  is  less  than  } ;  -^  are  less  than  ^. 

83.  To  express  a  whole  number  as  a  fraction  with  a  given  denominator. 

EULE  xxin. 

MmUiply  the  number  hy  the  given  denominator,  and  the  result  will  he  the 
numiratar  of  the  required  Jraetian, 
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Example. 

Ex.    Express  4  as  a  fraction  with  a  denominator  7. 

For  since  i  contains  7  ievenih  parts,  4  contains  4  X  7  or  28  seventh  parts,  that  is,  4  =:  ^ 

EZAHPLBS   FOB  PfULCTIOB. 

Beduce  the  following  numbers  to  fractions  having  a  common  denominator. 

I.    5;6;7;8;9;io;ii;  12,  to  denominators  7  and  15. 

a.    7  to  denominators  11,  13,  and  143 ;  909  to  denominators  11  and  loi. 

84.    To  multiply  any  given  fraction  by  any  given  integer. 

EXAMPLB. 

Ex-    A  X  3. 

Here  we  want  to  make  the  quotient,  found  hy  dividing  5  by  1 2,  three  times  greater.    Now, 
any  quotient  may  be  made  three  times  greater  in  either  of  two  ways,  vie.  :— 

ist.    By  making  the  dividend  or  numerator  (}  82),  three  times  greater ;  or, 

2nd.    By  making  the  divieer  or  denominator  (§  82),  three  times  lest. 

80  that  ^j  may  be  multiplied  by  3,  either — 

ist    By  keeping  the  same  denominator  and  multiplying  its  numerator  by  7. 

Thus,AX3  =  4r  =  «  =  *»^' 

and.    By  keeping  the  same  numerator,  and  dividing  its  denominator  by  3. 

Thu8,AX3  =  i^  =  f 

We  may  show  how  to  multiply  a  fraction  by  a  whole  number  by  the 
following  illustration. 

Ex.    ^  X  3  =  V- 


B 


a 


h 


liOt  eqnal  lines  AB,  BC,  CD,  each  represent  unity ;  divide  each  of  them  into  5  equal 
parts.  Then  Aa  represents  4.  Now  Aa:=  abzn  be,  because  thoy  each  represent  4  of  the 
smaller  divisor;  hence,  AC  represents  3  times  Aa,  or  |^  x  3«  But  Ae  represents  -^  since  it 
contains  12  smaller  divisions. 

Hence  we  deduce  the  following  rule  for  multiplying  any  given  fraction  by 
any  given  integer. 

BULB  XXIV. 

Multiply  the  numerator  of  the  fraction  hy  the  integer,  or  divide  the  denomi- 
nator hy  it. 

Examples. 

«X9  =  ^»or^,thatis,  either  W,  or  V. 
AX7=^,orjj4^thatii,eitherH»orf 


• 
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85.  It  sometimes  happens  that  when  a  fraction  has  been  multiplied  by  a 
whole  number,  it  can  afterwards  be  reduced  to  lower  terms ;  this  will  be  the 
case  when  the  denominator  and  the  multiplier  have  some  common  factor ; 
this  factor  may  be  rejected  from  both  the  multiplier  and  denominator  before 
multiplication,  instead  of  from  the  new  humerator  and  denominator  afUr 
multiplication. 

Thufl,  VfX8  =  {4  =  Y-u  better  worked  thus,  ^jxH  =  tXa  =  V»  Btriking  out,  or 

3 
diyiding  by,  the  factor  4,  which  is  common  to  8  and  12  be/ore  moltiplioation,  inatead  of  from 
56  and  12  after  multiplication.    Here  the  12  and  8  are  divided  hj  4,  leaying  only  a  in  the 
multiplier  and  3  in  the  denominator. 

2 

Again,  vV  X  i4>  or  7  X  2  =  ^^  X  X^  =  1^  X  a  =  A,  striking  out  or  dividing  by  the 

II 

£Aotor  7,  which  is  oommon  to  77  and  14.    7  goes  in  14,  2  times,  write  2  above  the  14 ;  7  goes 
in  77,  II  times,  write  11  under  77. 

424 

AXs  =  ^X^  =  ^;   ^x^  =  Y;    gxW  =  V;   ^X5{^  =  ^; 

3  3  3  7 

5  2 

^  X)^^  =  ^;   and^  xm  =  so- 

7 

Examples  fob  Fraotiob. 
Find  the  value  of  the  following  fractions. 

I.  f  X  3;  «X7;  «X9;  T^rX28;  HX  26;  /ftXa3i; 
rHfr  X  246;  AVWA  X  326;  tWAWt  X  8059;  ^fmi  X  137 
7  X  II  X  II  X  13  X  13  X  17  X  17.  ♦ 


T*T  X  42 ;  H  X  looi ; 
X365;  iWmTX7X 


86.    To  divide  any  given  fraction  by  any  given  integer. 

Example. 

Ex.    H^7. 

Here  we  want  to  make  the  quotient,  found  by  dividing  14  by  16,  stvm  titms  leii.  Now, 
any  quotient  may  be  made  seven  times  less  in  either  of  two  ways,  viz. : — 

isi    By  making  the  dividend  seven  times  smaller  ;  or, 

and.    By  making  the  divieor  seven  times  greater. 

So  that  it  may  be  divided  by  7,  either— 

ist.    By  keeping  the  same  denominator,  and  dividing  its  numerator  by  7. 

Thus,H-r7  =  '-^  =  A;  or, 

*  Operations  containing  fractions  with  very  high  numbers  are  of  little  practical  value, 
decimal  fractions  being  preferred.  But  as  exercises  of  arithmetical  accuracy  we  shall  give 
among  the  rest,  a  few  cases  of  high  numbers. 
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and.    By  keeping  the  same  numerator,  and  multiplying  its  denominator  by  7. 

Hence  we  deduce  the  following  rule  for  dividing  any  given  fraction  by  any 
given  integer. 

EULE  XXV. 

Divide  the  numerator  of  the  fraction  by  the  given  integer,  or  multiply  the 
denominator  ht/  it. 

ExAHFLBS. 
Ex.  I.    Divide  ^  by  3. 

'V  -r  3  =  — r^  =  I  (by  keeping  the  same  denominator  and  dividing  the  numerator). 
Ex.  3.    Divide  |  by  3, 

t  -T-  3  =  r~—  =  tV  (dividing  the  numerator  is  impossible,  thereforei  multiply  the 
denominator). 

86.  In  the  same  manner  as  in  multiplpng  a  fraction  by  a  whole  number, 
if  there  is  a  factor  common  to  the  numerator  and  the  divisor,  this  factor  may 
be  struck  out  before  the  denominator  is  multiplied. 

4        3 

Thus,  ^-^6  =  A  =  Ais  better  worked  thus,  i-T-6  =  2^ISi  =  |^3  =  A. 

Dividing  numerator  4  and  divisor  6  by  the  common  factor  a. 

ExAHFLBS   FOB  PfiAOTIOE. 

Find  the  value  of  the  following  fractions. 

1.  i-7-6;  |-rS;*-rio;  Vt-8;  V-ri6;  «-7-i8. 

a.  «-r3;  «-T-7;  A-r  11;  ^-^969;  tt-r84o;  {t-r-iooi, 

3.  Divide  T^^  by  146 ;  i^ibyi46;  «  by  loooi ;  i^iby77;  AhyaS;  «  by  8. 

4.  Divide  W  ^y  ^4;  «  by  no;  H  by  300 ;  ^^^^  by  5117  ;  i««  by  804. 

87.  To  represent  an  improper  fraction  as  a  whole  or  a  mixed  number. 

EXAMFLE. 
Ex.    V  =  4f- 


A              I 

1 

)             C 

1 
1 

)             D             I 

i              F 

1 

k. 


Let  equal  lines  AB,  BO,  CD,  DE,  EF,  each  represent  unity.    Divide  them  eaoh  into  3 
equal  parts ;  then  Ag  contains  14  such  parts,  that  is,  Ap  =  ^. 

But  AE  is  4  units,  and  i;^  is  }, . ' .  A^  =  4},  that  is,  V  =  4l- 
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Hence  the  rule— 

RULE  XXVI. 

Divide  the  numerator  by  the  denominator;  the  quotient  will  h$  a  whole 
numhefj  and  the  remainder  (if  any)  will  he  the  numerator  of  the  fractional  part 
of  the  mixed  number^  and  the  divisor  its  denominator.  If  there  he  no  remainder  the 
improper  fraction  is  equal  to  the  whole  numher  thus  found. 

Examples. 
Ex.  I.    V  =  7.  Ex.  2.    It  =  I.  Ex.  3.   W)"^(7H 

Ex.4.    HIW"975(33*»  ~i 

1071  — 

~~T  '^ 

1205 
107 1 

N.B.— All  improper  fractions  which  occur  in  anj  anawer 

194  Bhould  (except  the  contraiy  be  desired)  ba  expressed  aa  a  whole 

or  mixed  number. 

357 

Examples  fob  Pbaotiob. 
Find  the  mixed  quantities  equivalent  to — 
«.    i,¥.V.W,W,HJ^,«,«,and«|. 

,.    i^,  xf^,  Vi;^,  ijjl,  ii^.1,  Htt.  and  im*. 

3     Hm*.  ¥MM^  «4tt**^,  WWW,  ^Wt*,  and  u,VW*. 

88.    To  reduce  a  mixed  number  to  its  equivalent  improper  fraction. 

A  quantity  made  up  of  two  others,  one  of  which  is  an  integer  and  the  other 

a  fraction,  may  be  represented  in  the  form  of  a  fraction  alone. 

Let  us  take  3I,  which  is  called  a  mixed  quantity  and  is  intended  to  express  the  integer  3 
and  the  fraction  -f,  taken  together,  or  3  4-  i>  and  is  read  thru  and  fouT'JiJih*. 

Now,  I  =  t 

.-.3  =  2^=/. 

Hence  the  following  rule : — 

EULE  XXVil. 

« 

UMiply  the  integer  by  the  denominator  of  the  fraction,  and  to  the  product  add 
the  numeratorf  this  sum  placed  over  the  denominator  will  form  the  improper  fraction 
required. 

Example. 
Ex.    Bepresent  1211^  and  344)!  as  improper  fractions. 

tji.a  —  JMxu-f  5  344** 


*9 


11       —    "  3096 

or,  HP  and  ^^SfiP  are  the  fractions  required.  ^^^ 

*4 

1 0000 
»9 
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Examples  fob  Pjelagtige. 

• 

Beduce  the  following  mixed  numbers  to  improper  fractions. 

I-     af;  5t;  iH;  i^i^;  32H;  69?}^;  usUi  HZh 

»•    993m;  looAV;  333* ;  i86iWt;  89//A;  99TirVrT- 
3.     m^;  looi^y;  loioi^yj  iiiiiij;  1638^1+,. 

89.    The  value  of  a  fraction  is  not  altered  by  multiplying  or  dividing  both 
its  numerator  and  its  denominator  by  the  same  quantity. 

Example. 

A  G  D  E  B 

I  I         J  I 


Let  the  length  AB  represent  unity,  or  one  yard.  Divide  AB  into  4  equal  parts  in  CDE. 
Then  AE  represents  }  of  a  yard.  Ag^in,  divide  each  of  these  fourth  parts  AC,  GD,  DE,  £B, 
into  a  equal  parts ;  the  whole  yard  AB  is  thus  divided  into  8  equal  parts,  of  which  AE 
would  contain  6,  therefore,  AE  is  f  of  a  yard ;  hence,  }  and  J  are  the  same  thing ;  the  line 
being  divided  into  parts  twice  as  small  in  the  latter  as  in  the  former  case,  but  twice  as  many 
of  those  smaller  parts  heing  taken. 

Ckmversely,  sine  f  =  f ,  we  see  that  if  the  numerator  and  denominator  of  a  fraction  are 
divided  by  the  same  number,  the  value  of  the  fraction  is  not  altered,  since  hy  dividing  the 
numerator  of  a  fraction  we  decrease  its  value,  hut  hy  dividing  its  denominator  we  increase  its 
value  in  the  same  degree  that  we  before  decreased  it. 

90.  We  may  hence  reduce  any  fraction  to  lower  terms  by  dividing  both 
numerator  and  denominator  by  any  common  factor ;  and  a  fraction  is  said  to 
be  reduced  to  its  loweBt  terms  when  the  numerator  and  denominator,  being 
both  divided  by  their  greatest  common  measure,  are  prime  to  one  another. 

The  following  rule  for  reducing  a  fraction  to  its  lowest  terms  will  now  be 
self-evident. 

EULE  xxvni. 

Find  the  G-.O.M.  of  the  numerator  and  denominator  of  the  fraction^  divide  each 
of  them  hy  it^  and  set  down  the  quotient  of  the  numerator  as  a  new  numerator^  and 
the  quotient  of  the  denominator  as  a  new  denominator. 

Examples. 
Ex.  I.    Beduce  the  fraction  -f^  to  its  lowest  terms. 

•      891)34^9(4  Wft  =  3^^  =  T¥r 

135)89^7 
945 

54)135(2 
108 


k 


. ' .  G.O.M.  is  17* 


*7)54(a 
54 
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Here  27  is  the  G.C.M.  required,  and  by  dividing  both  nnmcrator  and  denominator  by  this 
quantity,  the  fraction  -^yg-  is  reduced  to  -i*^ ;  where  33  and  127  being  prime  to  one  another, 
the  fraction  is  in  its  lowest  terms. 

If  the  given  fraction  be  an  improper  one,  first  reduce  it  to  a  mixed  number,  and  then 
reduce  the  remainder  to  its  lowest  terms,  0.^.,  to  bring  ^^^  to  its  lowest  terms. 

195)347  i(nH4 

»95 

15*1 
1365 

And  finding  the  G.O.M.  of  156  and  195,  viz.  39,  the  given  fraction  in  its  loweet  terms 
becomes  17I. 

Ex.  2.  Reduce  the  frtiction  if^}  to  its  lowest  terms. 
The  greatest  common  measure  of  1847  and  8309  is  i. 
.  * .  the  frtiction  \i^l  is  already  in  its  hwett  iermt, 

91.  In  many  instances  it  is  unnecessary  to  find  the  greatest  common 
measure,  the  fractions  being  reducible  by  successive  divisions  of  the  numera- 
tors and  denominators  by  common  factors  discovered  by  inspection. 

Thus,  mi  =  iff  I  =  m  =  ill  =  il  by  dividing  by  4,  3,  3,  and  1 1 ; 
and  HM J  =  198}  =  m  =  H  by  dividing  by  4,  9,  and  n  ; 
also,  W<?  =  iiS  =  ft  =  t  by  dividing  by  10,  4,  and  11. 

Sometimes  it  is  not  possible  to  see  any  number  that  will  divide  both  numerator  and 
denominator.    In  this  case  recourse  must  be  had  to  the  method  of  finding  the  G.O.M. 

Examples  fob  Fbaotiob. 
Beduce  to  their  lowest  terms — 
%i  Tti  ■lr»  FD»  i¥a»  To»  "if*  Tf'oi  "iTi  "rnr* 


3 

4 

5 
6 


*!,  m>  «*,  m.  m,  «*,  vww.  m.  wft,  m- 

««.  m.  A«y»  vm.  -awj.  a%%,  *»», «»». 

mi^f  mm^  Minu^  ««h.  w>va  ^iWViS  -mm,  ^wwav 

Hi#*m,  WHe,  mm,  mmi,  ««m,  mmvt,  «mm«. 


gt.    To  bring  fractions  to  equivalent  ones  having  a  common  denominator. 

Let  it  be  required  to  reduce  ij^t-ffto  equivalent  frtictions  having  a  common  denominator. 

It  is  evident  that  no  simple  fraction  whatever  can  be  equivalent  to  f  unless  its  denomi- 
nator be  some  multiple  of  8,  because  the  fraction  being  already  in  its  lowest  terms,  we  cannot 
tUvitU  its  numerator  and  denominator  by  any  common  measure,  and  the  only  other  way  to 
obtain  an  equivalent  fraction  is  to  multiply  both  the  numerator  and  denominator  by  some 
number,  thereby  obtaining  a  denominator  which  will  be  a  multiple  of  8. 

In  the  same  way  we  may  show  that  no  simple  fraction  equivalent  to  ^  can  be  found  which 
has  not  a  multiple  of  9  for  its  denominator,  nor  any  equivalent  to  t^  not  having  a  multiple 
of  13  for  its  denominator. 

We,  therefore,  conclude  that  any  common  denominator  to  the  fractions  f ,  ^,  A,  most  be 
a  common  multiple  of  their  denominators,  t.^.,  must  be  exactly  divisible  by  8,  9,  and  12. 

The  least  common  denominator  will,  therefore,  be  the  L.C.M.  of  8, 9,  and  12,  ({  76)  which 
if  ^*,  and  we  take  this  for  the  common  denomiaator  of  the  fractions. 
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Taking  the  fractions  in  order,  it  is  evidently  ncceasary  to  multipiy  the  denominator  S  of 
f  by  9,  to  make  it  72 ;  and  to  keep  the  yalue  of  the  fraction  unaltered,  we  multiply  3,  its 
numerator,  also  by  9, 

and  we  then  have  f  r=  |-^  =  41  \ 

•*       8x9  \ 

..,    ,  ^       4x8       ..(      All  these  fractions  have  the  same  denonunator, 

similarly        *  =  ^-^  ^^^)  • 

^         •       9x8       ^'  (  VIZ.,  72. 

and        A=-^  =  «) 
From  what  has  now  been  said  the  following  rule  will  be  self-evident. 

EULB  XXIX. 

Find  the  least  common  multiple  (L.C.M.)  of  all  the  denominatore  of  the  given 

fractions  ;  this  will  he  the  common  denominator.    Divide  this  L.O.M.  separtMy  hy 

the  denominators  of  each  of  the  given  fractions,  and  multiply  each  successive  quotient 

hy  the  numerator  which  corresponds  to  the  denominator  used  to  find  thai  quotient. 

NoTB. — If  the  given  fractions  be  in  their  lovoett  terms,  the  above  rule  will  reduce  ihem  to 
others  having  the  least  common  denominators ;  if  the  lecut  common  denominator  be  required, 
the  given  fractions  should  be  reduced  to  their  lowest  terms  before  the  rule  is  applied. 

Examples. 

Ex.  I .    Bring  |,  |,  1%,  Ui  ift  to  equivalent  fractions  having  the  least  common  denominator. 

12):^,  H,  XO,  12,  20 

i»    5 
. ' .  L.C.M.  =  I  X  5  X  12  =  60. 

Divide  the  L.O.M.  by  all  the  denominators  in  succession. 

60-r   5=  'a  60^12  =  5 

60  -7-   6  =  10  60  -r-  20  :=  3 

60  -f-  10  =    6 

Now  look  to  the  original  fractions ;  multiply  every  number  by  the  result  of  its  denominator 
in  the  preceding  list,  and  we  shall  then  have  the  numerators  of  the  fractions  required. 

4X  12  =  48.'.  *=**  II  X5  =  55  •'•**  =  ♦* 

5X  10  =  50. '.4=4*  19  X3  =  57  •'•«  =  ** 

9X    6  =  54.-. A  =  « 

Ex.  2.    Reduce  |,  H>  &nd  iV  to  their  least  common  denominator. 
The  L.C.M.  of  8,  2,  18  being  72,  we  have 

Here  the  factors  9,  6,  4  of  the  new  numerators  are  obtained  by  dividing  the  common 
denominator  (=  L.O.M.)  by  the  original  denominators  8,  12,  18  respectively. 

93.    If  the  denominators  have  no  common  measure  the  fractions  may  still 

be  transformed  into  other  equivalent  fractions  having  a  common  denominator. 

Let  it  be  required  to  make  J,  ),  and  |,  to  have  a  common  denominator ;  then,  since  the 
continued  product  of  the  denominators  is  expressed  by  2  X  5  X  7)  we  have — 

1  —  ^  X5  X  7  «.  35 

^"-2x5x7"""^' 

a  —  *J<_*J<_?  —  i« 
•  —  5x2x7       *°* 

-_3XgXS_go 

^■—7x2x5""^* 
So  that  Ml  ft>  <^d  f^  are  the  new  equivalent  fractions  with  the  common  denominator  70. 
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And  hence  we  haye  the  following  rule. 

EULE  XXX. 

Multiply  each  numerator  by  all  the  denominators  except  the  one  placed  under  it^ 
for  the  new  numerator ^  and  multiply  all  the  denominators  together  for  a  common 
denominator, 

EZAHPLB. 

Ex.  I.    Redace  i,  f,  and  i,  to  eqoiyalent  firactions  with  a  common  denominator. 

Then,  since  the  continued  prodnot  of  the  denominators  is  expressed  by  a  X  5  X  7)  we 


5x7x9  ' 

^""7x5x9""^^' 

1  —  I  X  S  X  7  ^    a  a 
*  ""  9  X  5  X  7  ~"  *^' 

Or  the  fractions  with  a  common  denominator  are — 

m,  m>  and  A^. 

'Examples  fob  Fraotioe. 

Beduce  to  the  least  common  denominator — 

I.    J,  S,  A,  and  A;  f ,  A,  4i,  and  fl ;  |,  f  J,  and^;  HH,  and«. 

a.    Ht  A,  A,  and  if ;  Ui  Uy  t^»  and  H- 

3-    A,  Hy  U,  a,  and  « ;  f ,  A,  A.  H.  A,  and  « . 

4.    h  t  if,  A  and  irA;  I,  A.  A  «,  H,  and  H;  «*.  AV,  *H. 

5-    t.  Ht  A,  A,  A,  and  H ;  i  A,  if.  A,  A^»  and  irA- 
6«    A»  A»  A»  A*  Af  Af  TT»  sof  4t»  tit  7¥»  and  ^5* 

7.  «,«,«*,«,«.»!,  and  ff;il,A%,i^,  **,*»,  and  «». 

Express  with  a  common  denominator — 

8.  I  f ,  A ;  i  f ,  I,  A ;  i J,  2*,  3* ;  7, 1,  io«»  and  26+. 

94.    To  reduce  a  compoimd  fraction  to  a  simple  one. 

Example. 

Ex.  I.    The  expression  |  of  J  is  a  compound  fraction,  and  it  is  required  to  reduce  it  to  a 
simple  one. 

For,  (me-fntrth  of  J  is  A  ({  SQi  therefore,  three-fourths,  which  must  be  three  times  as 
great*  18  A  (§  85)- 

J  of  *  =  (I)  3  times  (i  of  |)  =  3  times  (|  ^  4)  =  3  times  ^-^ 

.     -     -  . .  .      3      ^      3x3 JL.  —  the  product  of  the  nmnerators. 

•    •  t  or  f  —  {2)  g-^  X  3  —  ^^^  —  ifty  —  ti^e  pn)dact  of  the  denominatoxs. 

A  0  D  E  F  B 


I       i       I 


Let  AB  represent  unity,  and  divide  it  into  5  equal  parts  in  CDEF.  Then  AE  represents  |. 
Divide  AE  into  4.  equal  parts  in  abe ;  then  A.e  is  |  of  AE,  that  is,  Ae  is  i  of  J.  Now  if  we 
divide  each  of  the  parts  AC,  CD,  &c.,  into  4  equal  parts,  then  AB  will  he  divided  into  ao 
equal  parts,  and  AE  into  12  parts  of  which  Ae  contains  9.    Hence  Ae  =:  A> 


Thatis,'iof|=:A  =  ^. 


Ik 
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Hence,  to  reduce  a  compound  fraction  to  a  simple  one  we  have  the  follow- 
ing rule : — 

EULE  XXXI. 

Multiply  the  numerators  together  for  a  new  numeratorj  and  the  denominaton 
together  for  a  new  denominator, 

EXAMFLSB. 
Ex.  I.    Bedace  }  of  |  of  f  to  a  simple  fraction. 

«of|off  =  JofH  =  ^. 
Mixed  numbers  most  be  reduced  to  improper  fractions  before  the  rule  can  be  applied. 

Ex.2.    2}of5of3j  =  V'off  ofi  =  Af4  =  48|. 

In  reducing  compound  fractions  to  simple  ones,  we  may  strike  out  factors  common  to  one 
of  the  numerators  and  one  of  the  denominators;  for  this  is  in  fact  simply  dividing  the 
numerator  and  denominator  of  the  fraction  by  the  same  number  (}  89]. 

Ex.  3.    «o£6tofJof«  =  |x^X^X^ 

111 

The  working  is  here  considerably  shortened  by  oancelling|^hus : — 
I,    Reduce  to  unity  the  3  and  the  19  in  the  line  of  numera^rs,  and  do  the  same  to  the 
3  and  the  19  in  the  line  of  denominators.    The  value  of  the  answer  will  not  be  altered 
because  we  have  dividol  the  numerator  and  denominator  thereof  by  the  same  number— 
▼ia.,  3  X  i9»  or  57  (§  89). 

a.  Divide  the  16  in  the  line  of  the  numerators,  and  the  8  in  the  line  of  the  denominators 
by  8,  and  put  2  above  the  16,  because  16-7-8  =  3,  and  i  beneath  the  8,  because  8-7-8  =  1. 

3.    Now,  applying  the  rule  we  get 

The  product  of  the  ntuneraton      sa  1x1x7  x  2  =  14  J  _^  ^       w  4 

The  product  of  the  denomiiuitors  =  5X1X1X1=51""  '^  *' 

N.B. — It  is  not  usual  to  put  down  the  ones  when  cancelling. 

^         3 
^4.     ?of|of|of5?=A^«*. 

a 

Here  the  14  and  7  are  divided  by  7 ;  the  23  and  69  by  23 ;  the  10  and  80  by  10 ;  the  4 
and  8  by  4 ;  the  2  and  2  by  2 ;  leaving  only  3  in  the  numerator  and  1 1  in  the  denominator. 
This  operation  is  called  cancelling. 

EXAMPLKfl  POB   PfiAOnOE. 

Simplify  the  following  compound  fractions : — 

1.  }of};  J  of};  Aof»;  Mof»;  J  of*  off;  2jof  16J. 

2.  «of«of»;  #off  of  A;  AofVof«of  2;  f  of4iof  3J. 

3.  joff  of}of6;  ^off  of  if  of5#of2i;  tf  of  i-ft- of  4}  of  lA- 

4.  TyVofffofJMoft;  «ofTWrof2joftof  19;  «of  iSfof  5^of  81^. 

95.    To  reduce  a  complex  fraction  to  a  simple  one. 

Examples. 
Ex.  I.    -^  =  -^-  =  g3^— if. 

Ex  2      ^^^"^ 
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Here  the  nnmerator  and  denominator  of  the  complex  fraction  being  expressed  as  mixed 
nnmbers,  they  are  reduced  to  improper  fractions,  and  thus  we  have  numerator  4^  =  -V,  and 
denominator  6\^^^;  and  if  we  divide  V  hy  1 9  we  shall  evidently  divide  by  a  number 
which  is  3  timAS  too  great,  and  the  answer  will  consequently  be  3  times  too  small,  and  will 
therefore  require  to  be  multiplied  by  3  to  bring  it  to  its  required  value. 

Now  V  can  be  divided  by  19  by  simply  multiplying  its  denominator  by  19,  thui— 

^^  •     ^  —  4  X  19 
and    ^    oaa  be  multiplied  by  3  by  simply  multiplying  its  numerator  by  3,  thni^ 

_i7_  w  -_!L2Li  =3 AJL 

4  X  19  ^  •'         4  X  19         '•' 

A  oonBideration  of  these  two  examples  enables  ns  to  lay  down  the  following 
role  for  reducing  a  complex  fraction  to  a  simple  one. 

EULE  xxxn. 

Bxpreu  iU  numerator  and  denominator  as  fraotions^  keeping  the  denominator 
Mow  the  numerator:  then  multiply  tog$ther  the  extremes  (i,e.^  the  top  and  bottom 
manhers)  for  the  numerator  of  the  answer,  and  the  means  fi.e.^  the  middle  numbers  J 
for  its  denominator. 

EZAICPLBS. 
TC«    »        54   _   V  5g  X  It  _  art 

The  process  of  cancelling  is  thus  applied  in  such  cases,— 

SiBoe  the  aonre,  =  ^^^^^^^  it  follow,  that  if  either  of  the  extreme,  i. 

dirtdble  by  the  Mune  number  a.  will  divide  one  of  the  mean%  we  may  ouoel  by  t''"  com- 
mon meamire,  thna, — 

5*  _  V  _  ^IjXii  _  . . 

^  -  W  -  WX9  -  " 

a 

Ex.  1.    Simplify  the  complex  fractionB  jl 

5 

:ifi  =  T=  oTsi  =  *'' 

EZAHPLSS  FOB   FfiAOnOE. 

What  are  the  simple  fractions  equal  to  the  complex  fractions — 

'•    sV  ^'  "I'  34H'  3?'   7  '  9i       '3f  '  lof^Sif^'Si'  fSTTI 

96.  To  compare  the  value  of  different  fractions,  i .«.,  to  find  out  which  ii 
the  greatest  and  which  is  the  least. 

EULE  xxxrn. 

Bring  the  given  fractions  to  others  of  the  same  value,  having  a  common  denomi" 
motor;  then  the  respective  values  of  the  fractions  will  depend  upon  their  numerators^ 
thai  fraction  being  greatest  which  has  the  greatest  numerator. 
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Examples. 
Ex.  I.    Then  to  find  which  is  the  greater,  ^  or  J. 

i  =  B^  =  ^^ 
And  line  |g  is  greater  than  |t  it  follows  thit  J  is  greater  than  f . 

Ex.  3.    Compare  the  fractions  Hi  ity  Sfi  i^- 

^i  —  inr^  - » 

^«  — i6  x6  — 

23 —  ?3  XI  — 
^*  ""  24  X  4 

«  =  3J_XJ  _ 

Henoe,  the  values  of  the  given  fractions  are  in  the  following  order :— f },  If,  ft,  and  H • 

When  fractions  have  a  common  numerator  the  greater  has  the  less  denominator. 
Thus— 
Ex.    ^  is  greater  than  ^ ;  ^\  greater  than  ^|. 

97.    It  is  a  general  rule  that  if  we  add  the  numerators  of  a  number  of 

fractions,  and  also  the  denominators  the  fraction  given  by  g^ofdenoa^iOTi  ^^ 
between  the  greatest  and  least  of  the  original  fractions. 

Examples. 
Ex.  I.    Show  that  the  fraction  ^-^  is  greater  than  4  and  less  than  f, 

6  4-7""  **• 


Hence,  hjr  comparing  ^  and  Hi  ^^  get— 

5 

6  X  13 

11  X 

13  X  6 


*  ■"■  6  X  13  "~  ^" 


therefore  H  ^^  greater  than  f . 
Baty  comparing  \^  and  f ,  we  have — 

^*       13  X  7       *^ 

^  —  7  X  13""*^' 

therefore  H  is  less  than  f . 

Ex.  a.    |-— ^  lies  between  J  and  f ,  and  also  between  f  and  f . 

98.  Proper  fractwm  arc  increased  and  improper  fraciionft  are  decreased  by 
adding  the  same  quantity  to  both  numerator  and  denominator. 

We  may  observe,  in  general,  that  tlie  higher  a  number  is  the  less  relatively 
te  another  number  is  its  increas3  made  by  the  addition  of  i. 

Thus,  2  is  double  of  i,  but  3  not  double  of  2  ;  still  less  is  4  double  of  3,  or 
100  double  of  99. 
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So  that  by  adding  an  unit,  or  any  number  of  units,  to  each  of  two  numbers, 
the  increase  to  the  smaller  will  be  more  in  proportion  than  the  increase  to 
the  larger.  Hence,  if  a  fraction  be  proper,  i.e.,  if  its  numerator  be  less  than 
its  denominator,  by  adding  the  same  quantity  to  both,  the  increase  to  the 
numerator  will  be  more  in  proportion  than  the  increase  to  the  denominator, 
and  the  value  of  the  fraction  will  be  increased ;  while,  conversely,  if  the  fraction 
be  improper,  the  increase  to  the  denominator  will  be  less  than  the  increase  to 
the  numerator,  and  the  value  of  the  fraction  will  be  diminished. 

Now,  let  us  take  tho  proper  fractions  ^,  |,  i,  i,  i,  where  each  successive 
fraction  is  made  by  adding  i  to  the  numerator  and  denominator  of  the  fraction 
preceding  it. 

Reducing  these  to  equivalent  fractions  having  the  same  common  denomi- 
nator,  they  are  respectively  equal  to  |5{,  |^§,  ^^,  ^  J,  |g ;  and  of  these  fractions 
the  first  is  the  least  and  the  last  the  greatest ;  we  see  that  by  adding  the  same 
quantity  to  both  numerator  and  denominator  of  proper  fractions,  their  value 
is  continually  increased. 

But,  if  the  improper  frfiwjtions  ^,  |^,  f ,  |^,  f ,  be  taken,  these  are  respectively 
equal  to  y^^,  •!§,  ^,  x^,  ^  ;  and  as  of  these  fractions  the  first  is  the  greatest 
and  the  last  the  least,  we  see  that  by  adding  the  same  quantity  to  both 
numerator  and  denominator  of  improper  fractions,  their  value  is  continually 
diminished. 

Whence  we  conclude  that  we  cannot  add  the  same  quantity  to  the  numerator 
and  denominator  of  ant/  fraction  without  thereby  altering  its  value. 

Conversely,  proper  fractions  are  diminished  and  improper  fractions  increased 
by  subtracting  the  same  quantity  from  both  numerator  and  denominator ; 
whence  we  conclude  that  we  cannot  subtract  the  same  quantity  from  the 
numerator  and  denominator  of  any  fraction,  without  thereby  altering  its  value. 

Obs. — ^It  is  of  great  importance  to  remember  from  this,  in  reducing  fractions, 
that,  although  we  may  divide  both  numerator  and  denominator  by  the  same 
quantity,  we  may  not  take  away  the  same  quantity  from  both  numerator  and 
denominator  by  subtraction. 

Examples  for  Practice. 

I.    Find  which  is  the  greater  fraction  in  each  of  the  following  pairs : — 

I.    ^andi^r.        »•    Aand^.        3.    ^  and  H        4.    j^  and  if- 
a.    Find  the  greatest  and  least  of  the  fractions^ 

I,  I,  and  *-|-^ ;  also  of  I  t  h  and  «. 

3.    Of  i,  f ,  i,  and  -fif,  find  the  greatest  and  the  least. 
4.^    Which  is  the  greatest  and  which  the  least,  x"jii  "<V»  ifo* 

5.  Arrange  the  following  fractions  in  order  of  magnitude— 

«;  i;«;f?;iS;  J;  *;  U;  U;  §?. 

6.  In  the  fractions.  ^^.  ^  U.  If.  ft,  and  |?.  Bhow  that  the  ;^^^^^  lie. 
1^ir«6n  the  greatest  and  least  of  the  original  fractions. 
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CHAPTER  V. 


THE  ADDITION,  SUBTRACTION,  MULTIPLICATION,  AND 
DIVISION  OF  VULGAR  FRACTIONS. 

99.  The  addition  of  two  or  more  fractions  is  effected  by  finding  some 
single  fraction  which  shall  express  the  sum  of  all  the  given  fractions.  It  is 
however  impossible  to  find  such  a  fraction  unless  all  the  given  fractions  be 
first  expressed  with  a  common  denominator ;  for,  since  the  denominator  of  a 
fraction  expresses  the  number  of  equal  parts  into  which  the  unit  is  divided, 
it  follows  that  in  two  fractions  which  have  not  a  common  denominator,  the 
unit  is  not  divided  into  the  same  number  of  equal  parts.  Therefore,  in 
endeavouring  to  add  together  two  such  fractions  (for  example,  i  and  f ),  so 
as  to  express  their  sum  by  a  single  fraction,  if  we  did  not  first  bring  them  to 
equivalent  fractions  with  a  common  denominator  we  should  have  to  seek  for 
a  new  denominator  which  would  express  that  the  unit  was  to  be  divided  into 
four  equal  parts  and  six  equal  parts,  while  the  new  numerator  must  express 
that  three  of  the  four  equal  parts,  and  five  of  the  six  equal  parts,  were  to 
be  taken ;  but  no  single  numbers  could  express  this,  and  the  process  could 
only  be  expressed  symbolically,  thus  }  +  7 ;  but  if  we  reduce  the  fractions 
i  and  |-  to  others  of  the  same  value  having  a  common  denominator  (§  92)  they 
become  -ff  and  \^,  respectively,  and  the  first  fraction  is  made  up  of  nine  of 
the  twelve  parts  into  which  the  unit  is  now  divided  while  the  second  fraction 
is  made  up  of  ten  of  these  parts ;  the  sum  of  the  two  fractions  must  therefore 
contain  nine  and  ten,  or  nineteen,  of  these  twelve  parts ;  therefore,  f  +  i  = 

A  +  «  =  «• 

We  may  show  how  to  add  fractions  together  by  the  following  illustration. 
Taking  the  foregoing  example,  viz., — 

i  +  h 

A  ^  B  0 

i  I 


1  1  ' 


m  no 

P 


Let  AB,  BO,  each  represent  nnity.  Divide  AB,  BO,  eaoh  into  4  eqxud  parte  in  a,  3, 0,  d,  e,  /. 
Then  Ae  represents  |. 

Again,  divide  AB,  BO,  eaoh  into  6  equal  parte  in  p,  h,  k,  /,  m,  n,  0,  p,  q,  r.  Then  Am 
represents  f. 

The  divisions  at  b,  k,  coincide,  became  Ab  being  a  parts  out  of  4  is  half  AB,  and  so  also 
is  Ak,  being  3  parts  out  of  6. 

Now  the  parte  Aa,  ab,  be,  ftc,  are  greater  than  the  parts  A^,  gh^  hk,  ftc.,  so  that  the  3 
parts  of  the  former  cannot  be  added  immediately  to  the  5  parts  of  the  latter.  Now  the 
L.C.M.  of  4  Rnd  6  id  12.  Divide  each  of  the  p»irt8  Aa,  ab.  be,  Ac,  into  3  equal  parts,  that  is, 
thfl  units  AB,  BO,  <  ach  into  1 2  parUi,  and  each  of  tho  parts  A^,  ffh,  hk,  &c.,  into  2  parts,  that 
ii^  the  units  AB,  BO,  each  into  la  parts.    Then  these  latter  divisions  will  all  ooinoids  with 
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the  fonner  diTisioDa,  and  A^  contains  9  such  parts,  and  Am  contains  10  such  parts,  and  A0, 
Ajm,  together  are  equal  to  A2,  and  contain  19  such  parts,  that  is, — 

*  +  *  =  *  +  «  =  «. 

In  the  same  manner  we  should  proceed  if  we  had  several  fractions.  Hence 
we  have  the  following  rule :— ^ 

EULE  XXXIV. 

If  the  fractions  have  a  common  denominator : 

Add  the  numerators  together  and  place  the  sum  over  the  eommon  denominator. 

But  if  the  fractions  have  differe4t  denominators, 

Find  the  L.C.M.  0/  all  the  denominatarSf  and  reduce  each  of  the  fractions  to 
equivalent  fractions  having  the  L.C.M.  as  their  denominators^  and  then  add  the 
numerators  thus  found  together  for  the  new  numerator ^  the  new  denominator  being 
the  L.C.M. 

EZAMPLBS. 

Ex.  I,    Add  together  J,  f ,  f ,  and  J  {%,$.,  ftnd  tht  value  0/  J  +  f  +  f  4.  J). 
Here  i  ei^hih  -(-  3  eighths  -{-  5  eighths  -f-  7  eighths  =16  eighths  =r  -^  =  a. 

Ex.  a.    Add  together  f ,  iV,  Af  iii  And  ^. 

Since  we  can  only  add  together  quantities  of  the  same  kind,  we  must  express  these  given 
fractions  as  equivalent  ones  having  one  common  denominator,  before  we  can  find  their  sum. 
The  L.G.M.  of  all  the  denominators  =  360,  and,  reducing  each  of  the  fractions  to  equivalent 
ones  having  the  L.C.M.  as  their  denominators,  we  have—- 

l  +  A  +  A  +  «  +  «  =  itt  +  «»  +  «»+H»  +  l«  =  Wf  =  ^*»^«'. 

(1.)  If  any  of  the  given  quantities  are  whole  or  mixed  numbers  it  is  best 
to  take  separately  the  sum  of  the  integral  and  fractional  parts,  then  add  the 
two  results  together. 

EzAlfPLB. 

Ex.    Find  the  sum  of  34},  36},  a  8  J,  and  11  a}. 

Adding  together  the  whole  numbers  separately  we  have — 

a4  -|-  36  -|-  a8  -|-  iia  =:  aoo, 
and,  adding  together  \h<bfra€tions  separately,  we  have— 

J  +  *  +  i  +  *  =  *  +  *  +  l  +  *  =  V  =  a| 
therefore,  a4i  -f  3^  +  >H  +  ii'i  =  '^^  +  'f  =  '^f  Ans, 

(2.)  If  some  of  the  given  fractions  are  improper,  they  should  be  reduced 
to  mixed  numbers,  and  the  integral  parts  of  the  mixed  numbers  should  be 
added  together  separately,  as  follows : — 


Ex.    «  +  3|  +  4A  +  A  (L.O.M.  a4o) 

=  iA  +  3l  +  4A  +  A  =  s'-^^^^^A^^^^ 

KoTs. — In  this  example,  to  save  labour,  instead  of  writing  the  new  denominator  240 
vnder  each  of  the  new  numerators,  these  last  have  all  been  written  together  at  once,  since 
fhsgr  haw  to  be  afterwards  added  together. 
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(3.)  When  all,  or  any,  of  the  quantities  to  be  added  together  consist  of 
compound  or  complex  fractions,  wo  first  reduce  them  to  simple  fractions,  op 
mixed  numbers,  and  then  add  them  together  as  such. 

Examples. 
Ex.  I.    The  Bum  of  i  of  J,  2J  of  8,  and  J  of  2  J  of  i| 

=  (!"'0+(y»'l)+a'"i«'l) 

4 

=  «V  +  V-  +  ^  =  T^o-  +  ¥0^  +  I S 

=  ^V  +  ilU  +  2^8  =  20^3/  Ans, 
Ex.  2.    The  sum  of  ^f-: — U  * =-j ^,  th  and  ^-  of  9. 

(2  +  5TT(f+T)  ■  T     ^ 

'^  +  ty4  +  n  +  i  = 

Examples  for  Practice. 
Find  the  value  of — 

1.  *  +  *;  A  +  A+A;  i  +  i;«4-f;f  +  ?  +  f +  l  +  f 

2.  ?  +  «  +  A;  in{^.7  +  TA-r;  n  +  tJ  +  i2;  i2  +  T:.  +  M. 

3.  A  +  M  + 1?  +  -^ ;  i?^  +  A^-  +  T^^T  +  m  +  m ;  nA^  +  t^- 

4.     «.  H  ^f,  HJ,  and  l^ftjf ;  ^^.,  -,V^.,  §11,  ^^i_,  j.^?2,  ^^^-,  and  Tirhnf. 
5-    -s^  4-  3a^a  +  51^1%  4-  56703-L^"i ;  ^au^D  +  'To'irTT  +  SvrhiTi  +  JtAu- 

6.   -^i,  A,  i,  H ;  *  +  f  a.  tI^.  T^ ;  i  +  «  +  f  +  A  +  §5  +  i J  +  §5  +  ^A. 

7.    Aof|ofJ  +  Jof^ofig  +  f  ofif  +  2f;  i+^  +  A+7r5iff  +  yl«ir. 


SUBTRACTION  OF  VULGAR  FRACTIONS. 

100.     We  may  show  by  reasoning,  similar  to  that  used  in  the  addition  of 

fractions,  that  it  is  impossible  to  express  by  a  single  fraction  the  difference 

between  two  fractions,  unless  these  be  first  reduced  to  equivalent  fractions 

having  a  common  denominator.     Hence  the  following  rule  for  subtraction  of 

vulgar  fractions. 

RULE  XXXV. 

If  the  fractions  have  not  a  common  denominator ^  reduce  them  to  other  equivalent 
fractions  having  a  common  denominator;  then  the  parts  into  which  the  unit  is 
supposed  to  he  divided  are  the  same  in  loth  fractions^  and  the  difference  of  the 
numerators  placed  over  ths  common  douooiinutor  will  give  the  difference  of  the 
fraeiums. 
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Examples. 

Ex.  I.    From  {f  take  iV  (••^•j  find  tho  value  of  i  |  —  ^). 
Since  14  —  4  =  10 

i^Jlfteeniha  —  ^Jifteentha  =  lojifteentha  =  {J  =  *^^—  =  J. 

Ex.  2.    Take  J?  from  ,^  (1.^.,  find  the  value  of  A  —  J?). 

Ab  in  addition  of  fractions,  we  first  reduce  the  given  fractions  to  equivalent  ones  haying 
one  common  denominator,  and  wo  thus  find  that 

(a)  If  the  given  quantities  are  both  mixed  numbers,  or  consist  of  a  whole 
and  a  mixed  number,  it  is  best  to  take  separately  the  difference  of  the 
integral  and  the  fractional  parts,  and  then  add  the  two  results  together. 

Ex.  3.    From  5I  take  2 J  (».«.,  find  the  value  of  58  —  2  J). 
Here  5  —  2  =  3)  ,         ,    ^ 

Ex.  4.    From  17^  take  8. 

17  —  8  =  9. 

.  • .  i7i  —  8  =  9  +  J  =  9J  Am. 

Ex.5.    5f~3i^^  =  5-3  +  f-^^  =  2  +  ^-~---=^H-^'«. 

In  the  cases  above  the  whole  nnmhfTs  have  been  subtracted  separately  from  the  fractions. 
The  mixed  numbers  might  have  been  reduced  to  improper  fractions  first,  but  the  plan  above 
is  more  expeditious. 

Ex.  6.    From  5A  take  3^  {i.e.,  find  tho  value  of  5A  —  3t). 

SA-  3^=  1  +  — "-- =  2  -  «=  iM  Am. 

In  this  case,  on  subtracting  the  fractional  parts,  we  find  that  the  subtrahend  is  the  larger. 
We  have  therefore  to  subtract  the  difference,  \ly  of  the  fractions  from  2  of  the  whole 
numbers.  The  student  will  easily  see  that  when  unity  is  divided  into  72  parts,  of  which  17 
have  been  taken,  there  are  55  parts  lefb,  and,  therefore,  that  i  —  ■ki'=- 


Note.— From  the  last  three  exam  pits  we  see  that,  after  the  fractions  have  been  reduced  to 
a  common  denominator,  if  the  fractional  part  of  the  subtrahend  is  lees  than  that  in  the  minuend, 
the  difference  of  the  new  numerutor8  is  token  as  tho  numerator  of  a  fraction  which  shall 
have  the  common  denominator  for  its  dmominator ;  set  the  sign  4"  {P^*^)  before  this 
fraction,  and  in  subtraction  of  mixed  numbers  place  it  with  its  sign  after  the  difference  of  the 
integers,  and  perform  tho  operation  indicated  by  this  expression  (see  Exs.  3  and  4) ;  but  if 
the  fractional  part  in  the  subtrahend  is  greater  than  (hat  in  (he  minuend,  take  the  difference  of 
the  new  numerators  as  the  numerator  of  a  fraction  which  shall  havo  the  common  denomi- 
nator of  the  given  fraction  for  its  denominator.  Set  the  sif^n  —  {minus)  before  the  fraction, 
and  in  subtractiofi  of  mixed  tiu infers  placp  it  witli  its  si^n  after  tho  diJerence  of  the  integers, 
and  perform  the  opt'ration  indicatL-d  by  this  expression  (see  Ex.  6). 

{I)  "When  either  the  subtrahend  or  the  minuend,  or  both,  consists  of  an 
improper  fraction. 

RULE  XXXYI. 

JReduee  improper  fractions  to  mixed  number  e,  and  then  proceed  as  in  subtraction 
of  mixed  numbers. 
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Examples. 
Ex.7.    2«-.«  =  2«-.iAz=2-i  +  *i^=i  +  m=i»H. 

Ex.8.    H-iJ=,A-ii=i-i=^^^  =  AV 

{e)    When  either  the  subtrahend  or  the  minuendi  or  both,  consists  of  a 
compound  or  complex  fraction. 

EULE  xxxvn. 

Reduce  eompaund  or  complex  fraetions  to  their  eimpleet  forme,  and  then  proceed 
ae  in  subtraction  of  simple  fractions,  or  of  mixed  numbersi  as  the  case  may  be. 

Examples. 

a 
Ex.9.    <i>-ttof5i)  =  6f-(|of  ^)=<i>-a  =  4f 

II 

Ex.10.    4H-*--^*=4H-il-J;=4H-tt  =  4H-'«  =  4»--iH- 
3«  or  3f 
Ex.  II.    (i*ofaof)-.4i=(y  of  ^)  -4i  =  H*-4i  =  5of-4i  =  45U. 

loi.     Sometimes  an  expression  involying  several  fractions,  some  to  be 
added,  and  some  to  be  subtracted,  occurs. 

Example. 

Ex.    2j  +  3j  — 5i  +  4*-.aA 

=  2j+3i  +  4*-5i-»A 

I    15  +  10  +  18  _^  5  -fat 

—  9        7  ~r  JO  j<5 

Etavpt.m  vob  PBiLoncn. 

1.  f-i;H-»;  3-i;4-f;i-*;f-f. 

2.  l-H;i»*-«;tt-AV;  A- •iVt;«i- «;«»-■«(»• 

3-  «H-^(tt  +  A  +  A)-«jiWr--AV»;im-*Wft. 

4-  mM--fl«Mr;«-AWr;»i-ii;4i-3f;  »«-'«• 

5-  4tt  — 3H;  a  — iH;  »o}i  — 9f!  't  — f;  3i  — 'tMb;  «6  — hUW. 

6.  V-m:  «-«  +  «-«;  J  +  f-*  +  «;  J-A  + J-A- 

7-    3-t  +  tV-tAt5;  3J-»*-m  +  75A-'4H-39»+"H-»3tt- 
8.    From  ii^J  take  in  succeMion  |,  |,  f,  |,  J,  and  | ;  ,^  —  „Vr  +  Trfrrr- 

9-    '  —  i  +  A  —  filz  +  rHf  J ;  tiVb  —  irirj  —  nri-nr  +  tttJut- 

,0.  I  +  ^  -  ,|j,  -  wiv  -  HHi  +  mim  -  ammm- 


MULTIPLICATION  OF  VtJLGAE  FRACTIONS. 
102.    We  have  defined  multiplication  to  be  an  abbreviated  method  of 
performing  addition  when  one  or  two  given  quantities  is  to  be  taken  as 
many  times  as  there  are  units  in^the  other. 
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Now  applying  this  to  fractions,  to  multiply  one  fraction  by  another,  e,g,  to 
multiply  J  by  f ,  will  be  to  take  ^  as  many  times,  or  parts  of  a  time,  as  there 
are  units,  or  parts  of  a  unit,  in  *- ;  but  as  the  proper  fraction  ^  is  less  than 
one,  this  will  be  to  take  f  not  as  much  as  once,  but  four-fifths  of  once,  t.a., 
to  find  the  value  of  \  parts  of  J.  But  to  take  f  parts  of  J  is  to  divide  J  into 
5  equal  parts,  and  to  take  4  of  these  parts.  Now  the  division  of  }  into  5 
equal  parts  is  effected  by  multiplying  the  denominator  by  5  (§  86)  also  taking 
4  of  these  parts  is  effected  by  multiplying  the  numerator  by  4  (§  84). 

Thu8't-r5  =  iV 
and  ^^  X  4  =  tV 

Hence  the  rule  for  the  midtiplication  of  fractions. 

EULE  xxxvm. 

Multiply  the  numerators  together  for  a  new  numerator  and  the  denominatari 

together  for  a  new  denominator. 

NoTB. — It  will  be  seen  that  the  rule  for  the  multiplication  of  fractions  is  the  same  as  that 
laid  down  for  the  redaction  of  a  compound  fraction  to  a  simple  one. 

Example. 
Ez.    Multiply  f  by  f. 

103.  Since  the  value  of  a  fraction  is  not  altered  by  dividing  both  its 
numerator  and  denominator  by  the  same  quantity  (§  89),  we  may  ''cancel" 
in  midtiplying  fractions  together,  i.e.,  may  strike  out  of  both  numerator  and 
denominator  any  common  factor  before  we  multiply  the  numerators  and 
denominators  together ;  thus, — 

TO  X  "jf-  ^  "girffi 

and  this  reduced  to  its  lowest  terms  (§  90)  is  i ;  but  we  might  have  obtained 
this  result  without  multiplying  9  and  i  ^,  10  and  27  respectively  together,  by 
observing  that  9  and  27  are  both  measured  by  9,  10  and  i^  both  measured 
by  s,  and  we  may  write— 

2  ^ 

104.  Again,  to  find  the  continued  product  of  any  number  of  fractions,  as 
iXiXfXf*,  instead  of  multiplying  together  all  the  numerators  and 
all  the  denominators,  we  may  write — 

§x^  x^x --5 


*  This  expression  means  that  of  |^  we  are  to  take  i ;  of  that  result  we  are  to  take  i,  and 
of  that  result  again  we  tske  }. 
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Multiply  f,  Jf ,  H,  U  together. 

^       ?       < 
^-<^=  rX-wKfo  =  awJSl^^  =  I  the  product  in  it.  lowest  terms. 

)^    w     ^ 

5 

(a)  Whenever  the  quantities  whose  product  is  to  be  found  do  not  all 
consist  of  simple  fractions,  they  must  first  be  reduced  to  simple  fractions^ 
and  then  multiplied  together,  by  the  rule  given  above,  thus — 

Examples.  ^ 

£z.  I.    Find  the  value  of  4I  X  5i> 

II 

2 

Ex.  a.    Find  the  value  of  f  of  5}  X  3}  of  9  X  i^. 

fof5lX3iof9Xi»=|x^  X  I  X  yX^  =  M^  =  I90». 

Ex.  3.  Find  the  value  of  2}  X  4}  X  7i  X  A* 

5^    2    3 

aj  X  4l  X  7+  X  A=  I  X  Y  X  f  X  5I  =  30.  ^~. 

105.  When  any  number  or  fraction  is  multiplied  by  a  proper  fraction, 
it  is  taken  so  many  parts  of  a  tirae  as  there  are  parts  of  a  unit  in  the  proper 
fraction ;  this  result  is  still  called  the  product  of  the  two  quantities ;  but 
whereas  in  whole  numbers  the  product  is  made  by  taking  a  number  a  certain 
number  of  times,  and  a  whole  number  is  therefore  increased  by  being  multi- 
plied by  any  number  larger  than  unity,  so  on  the  other  hand  by  multiplying 
a  whole  number  or  a  fraction  by  a  proper  fraction,  the  product  is  less  than 
the  original  multiplicand;  and  the  number  or  fraction,  being  only  taken 
some  part  or  parts  of  once,  is  diminished  by  being  multiplied  by  a  proper 
fraction :  a.y.,  to  multiply  2  by  ^  is  to  take  z  one-half  of  a  time ;  or  the 
product  is  ^  of  2,  i.e.,  is  i :  to  multiply  ^  by  ^  is  to  take  ^  only  one-half  of  a 
time ;  or  the  product  is  one-half  of  ^,  i.e.,  is  i. 

"RyAMPT.-Rift  roB  PbAOTIOE. 
I.    Multiply  i  by  t;  J  by  J;  ij  by  i};  3J  by  2J;  21  by  f ;  42  by  f 

1.    looooi  X  Uiii  loooooi  X  «I«J;  f  X  H;  f  X  H;  i  X  H;  «  X  «. 
3.  4H  X  m;  W  X  W;  Tir  X  m;  tMtt  X  «f ;  m  x  HH- 

4.    «*  X  HH  X  *;  if  X  i|  X  «  X  3&  X  U;  il  X  «  of  3,V  X  2i  x  A- 

5.  m  X  \m  X  iH  X  fHf ;  n  x  ^i  x  i^  x  t j  x  «  x  n- 

6.    i»  X  lA  X  iiV  X  lA;  'A  x  lA  x  lA  x  lA;  ^A  x  2,^  x  2if  x  ifj. 

7.     i3tof7ibyiofMfi2j;2tX^|x  J|;  jJofiXiof^Jof  Jl 

*•    ^0'  750^^X5*°^^^^"^'    ^of  ^Xjof8iof«. 

9.    Findthe  valueof  A  X  H  X  2iof  3A  X  {4*  +  1  (*  +  4f)  +  i«»}  X  «. 
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DIVISION  OF  FEACTIONS. 

1 06.    The  rule  for  the  Division  of  Fractions  will  be  seen  from  an  examina- 
tion of  the  following  example : — 

Example. 

Ex.  Sappose  it  is  required  to  divide  }  by  f ,  then  it  is  evident  (§  86)  that  f  -f-  5  =  'A, 
which  is  7  times  too  tmaU,  because  the  divisor  has  been  taken  7  times  too  ffreatf  vis.,  5  instead 
of  the  $&peHth  part  of  5 ;  hence  the  quotient  ^  must  be  increased  7  times,  and  A  X  7  =  it 
({  84)  is  the  quotient  required.    Hence— 

Hence  the  following  role  for  dividing  one  fraction  by  another— 

RULE  XXXIX. 

Divide  the  numerator  and  denominator  of  the  dividend  hy  the  numerator  and 

denominator  of  the  divisor  respectively y  if  they  will  exactly  divide ;   but  if  not, 

invert  the  termn  of  the  divisor^  cancelling  all  the  factors  common  both  to  the 

numerators  and  denominators^  and  the  product  of  those  remaining  among  the 

numerators  placed  over  the  product  of  those  remaining  among  the  denominators  will 

he  the  answer  required. 

(a).  Before  applying  this  rule,  mixed  numbers  must  be  reduced  to  improper  fractions, 
and  compound  fractions  to  simple  ones.  If  a  fraction  is  to  be  divided  by  a  compound  fraction 
all  the  fractions  of  the  compound  fraction  may  be  inverted  as  multipliers,  and  cancelling 
takes  place  as  in  multiplication. 

When  two  fractions  have  a  common  denominator,  it  is  plain  one  numerator  can  be  divided 
by  the  other,  as  well  as  one  whole  number  by  another ;  for  the  parts  of  the  two  fractions  are 
of  the  tame  denomination.  When  the  fractions  have  not  a  common  denominator,  the  reoion 
that  inverting  the  divisor  and  proceeding  as  in  multiplication  will  produce  the  true  answer, 
is  because  this  process  in  effect  reduces  the  two  fractions  to  a  common  denominator,  and  then 
the  numerator  of  the  dividend  is  divided  by  the  numerator  of  the  divisor.  For,  reducing 
the  two  fractions  to  a  common  denominator,  we  multiply  the  numerator  of  the  dividend  by 
the  denominator  of  the  divisor,  and  the  numerator  of  the  divisor  by  the  denominator  of  the 
dividend ;  and  then  dividing  the  former  product  by  the  latter,  we  have  the  same  combination 
of  the  same  numbers  as  in  the  rule  above,  which  will  consequently  produce  the  same  result. 
We  do  not  multiply  the  two  denominators  together  for  a  common  denominator ;  for,  in 
dividing,  no  use  is  made  of  a  common  denominator  when  found,  therefore  it  is  unnecessary 
to  obtain  it.    The  object  of  inverting  the  divisor  is  simply  for  convenience  in  multiplying. 


Ex.  I.    Divide  V  by  f  Ex.  2.    Divide  |  by  i. 

Ex.  3,    Divide  A  by  f  . 

Ex.  4*    Divide  4^  by  1}. 

4i-raf  =  ¥-r¥  =  ¥X  A  =  «  =  !«. 

Ex.  5.    Divide  4^  by  7  J. 

a 

3 
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Ex.  6.    Divide  i  of  3}  by  1  of  A  of  ih 

Jof3j-7-ltofAofif  =  §ofV-f-iofAofJ  =  tXV 

_j_  7x4x8  —  a  V  -l^ft  V  ®  ^5  X  5 
•    8x15x5        '  7x4x8 

5 

=  |- X  \^  X  y  X  ^  X  I  =  W  =  W  ^~. 

2 

Bx.7.    (Aof«of3i)-r(«of2fofif) 

=  W  ^  7  ^  ^)  "^  ('5  ^  ^'  ^  V) 

a  4 

—  7  X7      _^  2^X  II  _      7  X7      y    X1_X  ^   _    7X7X5    _  £45  ^^ 

—  2X9X2-     i5X4~"^X£lXll^^23Xii""3X23Xii""759 

3 

Examples  fob  Fbaotiob. 

DiTide— 

1.  fbyt;  Jbyi;  f  byA;  f  by  »;  *by$;  AbyAbyA;  ¥by». 

2.  «bytt;  ¥by«;  ibyA;  iooiby«;  looi  by  iH;  «  by  «;  loooiH-W. 

3.  ¥-riA;  ¥-f-2A;  li-r  ij;  li-f-i};  li-rij;  liofaj-rs- 

4.  4l-f-9J;  2i-T-3S;  lo^-rU?;  i7§-7-7«;  ttX«-rA. 

5.  aA  X  2A  X  2H  X  if  J-r  if  X  lA  X  lA  X  lA;  AV  X  itt--r  lA- 

6.  3fbyioff  of*;  3t4t  of  3^ -r  A^  of  9 ;  15A  of  8*  ^*  of  A  of  15*. 

7.  2«of5Aofi33i-r3l^of^jOf  202i;  ^ -r  ^;    i  if -r  lAV -r  2«i 

107.  When  any  whole  number  or  fraction  is  divided  by  a  proper  fraction, 
the  number  of  times,  or  the  fractional  part  of  a  time,  that  the  divisor  can  be 
subtracted  from  the  dividend  is  called  the  quotient.  But  whereas  in  the 
division  of  whole  numbers  the  quotient  is  always  less  than  the  dividend ;  on 
the  other  hand,  in  the  division  of  fractions,  whenever  the  divisor  is  a  proper 
fraction,  the  quotient  will  be  greater  than  the  dividend,  e.g.^  z  -r  i  =  2  X  ^ 
=  8,  that  is,  i  may  be  subtracted  exactly  8  times  from  2.  Again,  f  -^  -f  = 
}  X  i  =  H>  ^  fraction  which  is  greater  than  the  dividend  f . 

108.  A  oomplez  fraction  may  be  reduced  to  a  simple  fraction  by  division. 

For  if  ^1  be  the  complex  fraction,  then  its  value  will  be  the  same  as  7^  -f- 
5 J.    But  7^  =  V,  and  ji  =  V,  therefore. 
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109.  It  may  be  here  explained  that  all  examplet  in  Divmon  of  I^aettom 
may  h$  worked  out  ly  the  ruU  given  for  reducing  Complex  Fractions  to  Simple 
lyaetionif  thus : — 

EXAMPLBS. 

2 
Ex.  I.    I  J- 1  =  -^  =  f  jint. 


^  3 
Ex.  2.    7  J  -;-  5j  =  ^  z=  f  Am. 


-^  I 

a 

MlSOELLANBOUS  ExAMPLTtW  IN  FrAOTIOB. 

1 10.  We  have  no^  ehown  how  the  fundamental  operations  of  arithmetic 
may  be  severally  performed  in  the  case  of  fractions,  but  in  practice  these 
operations  are  commingled  in  various  ways.  No  special  rules  can  be  given  in 
such  cases,  but  the  following  examples  shoidd  be  carefully  examined,  and 
each  step  verified  by  the  student. 

EZAMFLXS. 

Ex.1.    iJof}  +  5TV-fof5»-2H 

4 
=  »oft  +  5A-|ofy-2H 

=  V  +  5A-V-a«=if  +  5TV-if-aH(L.O.M.  120) 

Here  the  compound  fracttons  are  reduced  to  nmple  onei  before  the  operations  of  addition 
and  subtraction  are  performed. 

Ex.  2.    (2j  of  *  -  i  of  ti)  X  (li  +  i« 

=tt4-i4)=(.^)=(— )x'' 

2 

3 
Here  the  parts  enclosed  in  the  brackets  (....)  are  reduced  to  simple  fractions  before  the 
brackets  are  removed,  the  multiplication  of  the  bracketed  parts  is  then  performed. 


3i  +  4i-^of-| 

^'-     3i-4tofA  +  4ioff-  3 

2 

6+10—15 


_3i-t-4t  — t_/M  3i  +  4^  — 4t  -*  30  — 3A_Aiv.j^«_jn^^^ 
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In  a  sam  of  this  kind,  when  the  step  marked  (A)  has  been  reached,  the  following  method 
is  very  useful : — The  L.C.M.  of  all  the  denominators,  5,  3,  2, 6,  is  30 ;  multipljring  nomerator 
and  denominator  by  30,  and  observing  that  the  integers  in  each  amount  to  3,  the  £raotion 
becomes— 

3  X  30  +  i  X  30  +  i  X  30  —  i  X  30 

3X3o4-iX30-*X3o  +  |X30 

(This  step  may  be  omitted  in  practice). 

90 J- 6+jo-ju  ^ 
90+15  —  5  +  24       "* 

Ex.4.    Beduoe  the  expre^ion  ^^^^^^  5I)  +  Vof  a"o/(7  -  a})  -  i 

i  +  iofi  +  * i  +  A  +  t 

A  of  (I  +  5i)  + 1  of  A  of  ("7  -  ilT-  i  ~  AX6J  +  «xAX4f-i 

6  +  1  +  10 

=  r— xr.XvTT,l5     7  ^ FFi^^  =  ^  =  «  x  f  =  4t ^«. 

M^^   2   ■+"  6    ^  !^^  ^    5  "■  * 

Observe  that  when  two  qnantitips,  connected  by  the  sii^n  of  multiplication,  are  combined 
with  others  by  the  sign  -{-i  or  — ,  these  quantities  must  be  first  multiplied  together,  and  the 
result  then  added  to,  or  subtracted  from,  the  other  quantities ;  for  instance,  the  numerator 
of  the  given  fraction  means  that  to  ^  is  to  be  added  the  product  of  \  and  ^,  and  to  this  again 
I  is  to  be  added ;  not  that  the  sum  of  }  -f-  }  is  to  be  multiplied  by  the  sum  oi  \ -{•  i\  for, 
had  this  been  meant,  the  expressions  would  have  been  written  (^  -f"  i)  of  (i  +  |)»  brackets 
being  used,  as  they  are  in  the  denominator  of  the  given  fractions.  It  is  therefore  important 
to  remember  that  the  signs  X)  -7->  ^^d  of,  connect  the  terms  between  which  they  are  found 
into  one  quantity,  while  the  signs  -f**  — >  ***>  separate  the  quantities  between  which  they  ocoor 
into  distinct  quantity. 


5f  —  I  of  -^ 
Ex.  5.    Reduce  the  expression  3g 

7* 


^*-*^'3 _5f-iof* 


7* 
5f  — -^ 


=  aiA  -  70  +  35 --»8-20~-V.  _       5t?  -  nV 


140  ""ii-T»«VXTV  =  5H-r(»-TH) 

2 

-W  •       .40     -  ^5  X  nw?  -  *  "*~- 


Ex.  6.    Simplify  the  expnarion,  -ff  of  i_+J[__ 

Now  nn     =  npT  =  ^^  =  ^2^  _ff, 

jr.!         ^     I  +  w     39  +  4 


therefore,  -f^  of  i_+jf_  =  A  of  jf  =  A  •^»"- 

3  +  i 
▲  £rMti(Hi  in  UiLs  fiwm  ii  called  «  oontiimed  fcMtioo. 
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Ex.  7.    Find  the  value  of  6J  of  — ]—^ 

2  4-  f 


34-4J 

therefore,  ^^      =  _7_^  =  1  =  ^  =  7JL_7  ^  ^, 

therefore,  6|  of «  =  ^  x  ||  =  -  =  5*  ^w*. 

III.    In  the  following  examples  of  addition,  &o.,  of  concrete  quantities, 

fractions  occur. 

£    s.     d. 
Addition.  27  13    ^i 

47  19    H 

23  H    ^^ 
a6    o     i^ 

jC^^S    7  "A 
Here,  adding  the  firactions  of  a  penny  we  have — 

40 

we  put  down  the  ^  and  carry  the  a  to  the  column  of  peunies,  and  proceed  as  in  common 
addition. 

mis.   ftir.     yds.      ft.       in. 
BnbtrMtioxL  5      a      114      a      4^ 

2      3       118      2      5A 

a      6      215       2     loU 

Here,  on  subtracting  the  fractions  we  find  the  lower  one  is  the  greatest,  we  have,  therefore, 
to  borrow  i  from  the  4  inches ;  then — 

'A       "IT  ^-  T§       TT  — -       ^^       ^  ««• 

CWt.     qtB.     lbs.    OSS. 

Mnltipliofttion.  3      >      7     13I  X  33 

3  X  11  =  33 

10      2    23      8i 
II 


117      3      6     10}  Ana, 


Here,  {X3  =  t=ii;  ^^  put  down  tho  I  and  carry  the  i  to  the  column  of  ounc€i. 
Similarly  |  X  1 1  =  2|^. 

yrs.     dys.      hrs.    minB.     sees. 

Diiiflion.  7)  2      312      15      24      23^ 


148         22         46         2C^{- 


Here  we  diTide  as  in  common  division  till  we  come  to  the  seconds,  when  we  have  3 
fttnaining.    3* -5-17  =  ¥ -r  7  =t«. 
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EEDUCTION  OF  FRACTIONS  OF  CONCRETE  NUMBERS. 

112.  Our  attention  has  hitherto  been  confined  to  fractions  considered 
generally^  without  regard  to  the  particular  species  of  their  unitSj  and  it 
remains  to  apply  what  has  been  said  to  such  concrete  quantities  as  constitute 
the  principal  subjects  of  practical  computation. 

113.  To  reduce  a  given  quantity  to  the  fraction  of  another  given  quantity. 
In  order  to  render  possible  the  division  of  one  concrete  quantity  by  another 

concrete  quantity,  it  is  necessary  that  both  shoidd  be  in  the  eame  denomination* 
Hence  the  following  rule : — 

RULE  XL. 

Bring  the  proposed  quantities  into  the  same  ^not  necessarily  the  lowest^  denomi- 
nation,  and  take  the  result  o/the  quantity  that  is  to  he  reduced /or  the  numerator ^ 
and  the  other  result /or  the  denominator  of  the  required  fraction. 

Examples. 

Ex.  I.    Reduce  i6s.  5d.  to  the  fraction  of  jf  i. 

Here  168.  5d.  =  197  pence,  and  £1  =  240  pence.  Therefore,  the  197  pence  in  161.  $d. 
are  to  be  divided  by  the  240  pence ;  or,  Hi  is  the  required  fraction  of  jjf  i.  The  reason  for 
this  is  as  follows: — Since j^i  contains  240  pence,  and  i6s.  5d.  contains  197  pence,  if  the 
pound  be  divided  into  240  equal  parts  and  197  of  them  be  taken,  these  197  parts  will  be 
represented  by  i6s.  5d. ;  but  the  fraction  jf if}  represents  that  the  pound  has  been  divided 
into  240  equal  parts  and  197  of  them  taken ; 

therefore,  i6s.  fd.  =:  £iii* 
Ex.  2.    Reduce  38.  4d.  to  the  fraction  ot  £1. 

i"/"^' =  ^  •  ■  •  ^'^  ^^- = ^  ^^^' = ^<^  ^^^'• 

Or  thus : — 

3s.  4d.  =  3js.  =  V«-, 
and;^i  contains  206., 
therefore,  ^  -f-  20  =  ^  X  A  =  ii  the  required  fraction  of  j^  i. 

Ex.  3.    Reduce  half-a-crown  to  the  fraction  of  half-a-guinea. 

Reducing  them  to  pence  we  have  the  required  fraction  =:  -f^ ;  but  reducing  to  sixpencas 
we  have  the  same  fraction  in  lower  terms  =  A* 

^r^  =  ,^  .  • .  M.  <d.  =  -itt  of  half-a-guinea. 

_  »!J^  =   5»ixpeiioM  . . .  „.  (5d.  =  A  of  half-a-gmne*. 
108.  6d.  =  II  sixpences  ° 

NoTB.-~A  expresses  what  is  called  the  ratio  of  2b.  6d.  to  los.  6d. 
Ex.  4.    Reduce  3  qrs.  14  lbs.  to  the  fraction  of  a  ton. 

I  ton        =  224olbs.        ^^       ^ 
Again,  3  qrs.  14  lbs.  =  3}  qrs.  =  {  qrs., 
and  a  ton  contains  20  X  4  4^. ; 
therefore,  |  x  ^  X  i  =  tIv  ton. 
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Ex.  5.    Redaoe  iZa.  8cL  to  the  fraction  of  half-a-crown. 

188.  8(1.  =  i8§3.  =  A,4a. 
and  half-a-crown  =  f  s. 
therefore,  V-ri  =  VXi  =  W  =  1^  half-a-crown. 

Ex.  6.    What  fraction  of  ;f  3  loa.  6d.  is  £2  158.  3d.  P 

Reducing  both  the  quantities  to  threepenny  pieces,  we  find  that;^3  los.  6d.  contains  383, 
andj^s  158.  3d.  contains  221.  Hence,  if  ;^3  ids.  6d.  be  divided  into  382  parts,  and  221  of 
these  parts  are  taken,  the  result  will  be  /[t  15s.  3d.  Hence,  £2  158.  3d.  is  the  value  of  fH 
of  ;^3  I  OS.  6d.    The  answer  then  will  bo  iH, 

Ex.  7.    Express  3  weeks  4  days  6  hours  as  the  fraction  of  a  year  of  365^  days. 

3  weeks  4  days  6  hours  =-=  25 J  days  =  ^^  days, 
and  the  year  consists  of  365}  days  =  -^^  days ; 

therefore,  ^  x  7^  =  iWr  of  a  year. 

Examples  fob  F&aotiob. 
What  fraction  is — 

I.    68.  8d. ;  128.  6d. ;  i8s.  4d. ;  17s.  ii^d. ;   19s.  io|d.,  and  £1  13s.  iij^.  Ht  ot£i, 

3.  3s.  4d.  of  1 6s.  8d. ;  7}d.  of  3S. ;  £^  os.  6d.  of  £*]  148. ;  |d.  of  68.  8d. ;  £1  3s.  4d.  of 
jC9  68.  8d. ;  6s.  8j^.  of  i|d. ;  6e,  7fd.  of  78.  9d. ;  38.  4d.  of  half-a-guinea ;  i6s.  of  ;^30o. 

3.  3  cwt.  I  qrs.  16  lbs.  of  a  ton;  14I*  15*°  of  3^  days;  i  ton  of  3  cwt.  3  qrs.  31  lbs.; 
30  ft.  7^  in.  of  I  mile ;  17  lbs.  of  i  qr.  14}  lbs. ;  33  tons  11  cwt.  i  qr.  i  lb.  i  oz.  of  35  tons 
6  cwt.  3  qrs.  10  lbs.;  439  mis.  7  fur.  211  yds.  of  445  mis.  21  yds.;  2  wks.  5  dys.  7  hii. 
37  mins.  of  a  day. 

4.  136  yds.  3  ft.  6  in.  of  a  mile ;  6  cubic  ft.  ico  cubic  in.  of  i  cubic  yd. ;  6  ft.  3f  in.  of 
13ft.  8^  in. ;  i^  yd.  of  i|  in. ;  i  ft.  }  in.  of  sq.  yd. 

Beduce  to  lowest  terms  the  following  fractions — 

£i<^  165. 7f d. ,  217  mls^ 5  fur.  18  pis.  2  yds.  2  f*.  1  in.  ^  i-'ii  tons  i8  cvt.  3  qra.  10  Ib^.  13  on, 
i^ao  168.  Sfd. '  506  mis.  2  fur.  23  pis.  i  yd.  a  ft.  7  in. '   70  tuna  7  cwt.  o  qrs.  27  IIm.  1  01. 

,      208  eg.  miles  181  acres  o  ch.  93  yds.  4  tx.  ^    258  dy-«.  9^h*8.  I9mina^57^e<»^ 
767  acrus  9  oh.  279  yds.  4  ft.      '  446  dys.  7  hrs.  23  mins.  33  sees, 

7.    What  fraction  of  5  mis.  5  fur.  7  poles  i  i|f  in.  is  ^  of  a  league. 

1 14.  The  value  of  a  fraction  of  a  concrete  number  is  easily  determined  in 
terms  of  the  same  or  lower  denominations.  For  since  f  of  a  pound  may  be 
obtained  either  by  dividing  one  pound  into  3  equal  parts,  and  taking  2  of 
these  parts,  or  by  taking  the  concrete  u|iit  twice,  viz.,  2  poimds,  and  dividing 
it  into  3  equal  parts ;  therefore  we  have — 

}  of  ;^i  ^  i  of  j^3  =  i  of  40s.  =:  138.  4d.,  and  ^  of  a  mile  =  i  of  3  miles,  &c. 

Hence— 

To  find  the  value  of  the  fraction  of  a  concrete  quantity  in  terms  of  the 
same  or  lower  denominator. 

EULE  XLI. 

Multiply  the  given  concrete  quaniiti/  of  the  numerator  of  the  fraction^  and  divide 
the  product  by  the  denominator^  reducing  the  remainder  (if  any)  always  to  the  lower 
denominationSf  as  in  compound  division. 

N 
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ExAlfPTiKB. 

Ex.  I.    Find  the  value  of  A  of  a  pound;  that  is,  how  many  shillings  and  pence  are 
in  A  of  a  pound. 

4 
Here,  A  of  a^f  =  ^  x  y  =  ¥8.,  or  5J8. 


^    •.  d. 
3)4    o    o 


»5 


ButiofashUling  x  -|  =  ^  or  4d. 

Therefore,  A  of  a  ;f  =  51.  and  4d. 

Ex.  2.    Find  the  value  of  f  of  ^24  i  is.  4d. 

£    B.    d. 
24  12     4 

3 


5)1    6    g 
054 


7)73  17    o 


10  II 


Ex.  3.    Find  the  value  of  f  of  17  owt. 

3  qrs.  7  lbs. 

owt.    qn.  Ibt. 
»7       3       7 
3 


5)53 


21 


10      2    21 
Hence  f  of  17  cwt.  3  qrs.  7  lbs. 


i» 


M 


21 


» 


Hence  f  of  ^24  128.  4d. 

=  j^io  IIS.  od.  =^  10 

Compound  fractions  must  be  reduced  to  simple  ones  before  the  application  of  this  role ; 
but  in  the  case  of  mixed  numbers  it  is  best  to  multiply  separately  and  add  the  result  to  that 
obtained  by  the  rule  for  the  fractional  parts. 


Ex. 

4- 

Multiply  £2 

lOS. 

4d.  by  3A. 
£    8.     d. 
2  10    4X3 
5 

12  II 

8 

I     0 
7  " 

ii|  =  A   of   £2 
0=3  times    . . 

IDS. 

•  • 

4d. 

•  • 

8  II 

11}=:  3A  times  2 

10 

4 

Ex. 

5- 

Multiply  17 

cwt. 
owt. 

17 
5)53 

3  qrs. 

qrs. 

3 

a 

12  lbs.  by  5|. 
lbs. 

12  X  5 
3 

8 

10 

89 

2 
I 

24  z=  f      of        I' 
4  =  5    times     . 

7  cwt.  3  qrs. 
1          •  • 

II 

•  • 

lbs. 

>» 


100      o        0  =  5}  times    17    „    3    „  12 
Hence  17  cwt.  3  qrs.  12  lbs.  X  if  =  100  cwt.  =  5  tons.  Aru, 

Ex.  6.    Divide  i  ton  13  cwt.  15  lbs.  by  i|. 

Since  1}  =r  |,  we  have  (§  106)  to  multiply  by  (.  We  may  do  this  as  in  Ex.  i,  or  (which 
is  more  convenient)  by  first  dividing  by  2,  which  gives  ^  of  the  quantity,  and  then  dividing 
this  half  by  2,  which  gives  ^  of  it,  and  adding  the  two  results  together,  we  shall  have  f  of  it. 
tons  cwt,    qnt.     lbs.  tons    cwt.    qrs. 


'3 


lbs. 
3 


Ibfl. 


4)4       19       «       *7 


for  4 
fori 


4      3       11^  Ana, 


1 

>3 

0 

'5 

0 

16 

2 

7j 

0 

8 

I 

3I 

I        4      3      iii  Am, 
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Ez.  7.    Divide  30  honn  33  min.  20  aeo.  by  Ai- 

so  hn.  33  min,  ao  aeo.  -^  4^  =  20  hn.  33  min.  20  seo.  -i-  V 

, .  v^   o        >o  hn.  31  min.  20  see.  X  9 

=  20  hn.  33  mm.  20  boo.  X  A  = — ^^-^ 


37 


i8c  hn.  ,         . 

r=  — =  5  hn.  Ant. 

37  ^ 


EXAICFLBS  FOB  PbAOTIOB. 

Find  the  yalue  of — 

'•    £il  jCifki  £Ml  tof/27  i4«.od.;  fofjfsi  los.od.;  i9io{£s  "•iH-»  ♦lof2j 
of;j8  14B.  2A<L -r  Sf 

2.  A  o';f  3»  i7««  5}^ ;  I  of  1  of  ,f  17  168.  lojd. ;  if  of  jf  128  98.  lojd. 

3.  it  of  ;f  140  31.  6d. ;  iii  of  68.  11^. ;  1^  of  a  mile ;  A  of  a  day ;  }  of  a  yard. 

4.  f  of  I  ton  15  cwts. ;  iV  of  3  tons ;  A  of  4  tons  16  cwt ;  tIt  of  3  tons  15  cwt. 

5.  I  cwt.  2  qn.  13  lbs.  X  3A;  WJ  of  i  ton  14  cwt.  3  qn.;  18SS88J88?  of  8288181 
■qoare  miles. 

6.  20  cwts.  3  qn.  7  lbs.  X  5} ;  £$^  ^s.  6d.  H-  3JI ;  2 J  x  3J  of  g}  of  ;f  721  178.  6d. 

7.  if^-iA^T^^^^^^o;  2iX3iof9iof;f72ii78.6d;fofiof^ofaton. 

8.  5itimei|-s-3Jx«*X  84  times  6t*t  of  ^972 ;  (9^  of  iff -r  3*)  X  4*  times  140 
tons  12  cwt.  I  qr. 

9.  ^  ^    of  ton  in  cwts.,  &c. ;   _li^  of  ;f  50 ;  ^  of  2  cwt ;  53L  of  a  week. 

20  *ir  "^  •       14 

115.  A  fraction  of  a  concrete  number  may  be  reduced  to  the  fraction  of 
another  concrete  number  of  a  higher  or  lower  denominatioD,  by  means  of  the 
principle  employed  in  the  reduction  of  integers  from  one  denomination  to 
another  (see  §  54,  Bules  XI  and  XTT,  pages  39  and  41). 

EXAMPLB. 

Ex.  Let  the  fraction  be  ^f ,  where  the  unit  is  one  pound;  then  if  it  be  required  to  And 
the  fraction  when  the  nnit  is  one  farthing ;  then  since  any  integer  number  of  pounds  is 
reduced  to  fluthings  by  multiplying  the  number  of  pounds  by  20,  and  the  product  by  12, 
and  this  last*  by  4,  so  any  firaction  of  a  pound  is  reduced  to  the  fraction  of  a  fdrthing  by 
multiplying  the  numerator  by  20  X  12  X  4  or  960,  that  is,  in  order  to  retain  the  same 
MbtoiuU  Yalue,  we  must  have  20  X  12  X  4  times  as  great  a  fraction  as  the  original  one : 
hence — 

jf  f  =  f  X  V  X  ¥  X  f  =  H"  farthings, 

and  the  value  of  the  unit  in  the  latter  fraction  being  7i7)th  part  of  that  in  the  formerj  the 
same  abtoiuts  value  is  retained  by  taking  960  times  as  many  parts  in  the  latter  as  in  the 
lonuer. 

Again,  reversing  the  operation  we  have— 

AV^far.  =  -^;^  X  t  X  A  X  A  =  i?J«=/». 

the  divisors  4, 12, 10  being  inverted,  according  to  the  rule  laid  down  in  Division  of  FracUonf 
(B«k  ZZXIZ,  page  S3). 
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The  preceding  examples  enable  us  to  lay  down  the  following  rules  for 

reducing  a  fraction  of  any  given  quantity  to  a  fraction  of  another  g^yen 

quantity. 

EULE  XLn. 

i^.    If  the  given  fraction  has  to  be  reduced  from  a  higher  to  a  lower 

denomination. 

Multiply  the  given  fraction  hy  those  numbers  which  in  whole  numbers 

would  reduce  the  denomination  in  which  the  fraction  stands  to  the 

denomination  required. 

2^.    But  if  it  is  required  to  reduce  a  given  fraction  of  a  hwer  to  a  higher 

denomination. 

Divide  the  given  fraction  hy  those  numbers  which  in  whole  numbers 

would  reduce  the  denomination  in  which  the  fraction  ttande  to  the 

denomination  required. 

Or  we  may  reduce  a  number,  or  fraction,  of  one  name  to  a  fraction  of 
another  denominator  by  the  following 

EULE  xun. 

Express  hy  (Rule  XL)  the  first  quantity  as  a  fraction  of  the  second,  and  the 

fraction  required  will  then  he  found  hy  reducing  the  resulting  compound  fraction  to 

a  simple  one. 

Examples. 

Ex.  I.    Eednce  |  of  a  pound  to  the  fraction  of  a  penny. 

Here  we  have  a  given  fraction  of  a  higher  denomination,  viz.,  the  denomination  of  pounds, 
and  it  has  to  be  expressed  as  an  equivalent  fraction  of  a  lower  denomination,  viz.,  pence. 
Hence  we  multiply  the  given  fraction  by  20  and  12. 

Thus,  ;ft  =  i  X  ¥  X  ¥  of  a  penny  =  ^,  or  ^  of  a  penny. 

Or  (by  Rule  XL),  ;f  i  =  *^  of  a  penny, .  * .  ^f  rr  4"  of  —  =  M^  of  a  penny. 

3 
Ex.  a.    Reduce  fs.  to  the  fraction  of /i. 

fi.  =  |s.H-¥=|x^  =  Aof/i. 

10 
The  divisor  ¥  is  inverted,  and  the  process  is  the  same  as  in  Multiplication  of  Fraotioni. 

IB.  =  A  ot£i, .  * .  |s.  =  -|-  of  K^  =  t^  of  ^i. 

10 
Ex.  3.    Reduce  }  of  an  hour  to  the  fraction  of  a  day. 
I  hour  =  J-i-¥  =  JXA  =  T^ofaday. 

The  divisor  ¥  i>  inverted,  and  we  proceed  as  in  Multiplication  of  Fractions. 
Or  (by  Rule  XL),  !»» =  J^  of  i*  .  * .  f*  =  i  of  ^^  =  t^  of  i*. 

Ex.  4.    Reduce  iiV*  to  the  fraction  of  ic". 

2 

iAi>=z«»»=g  X  j=¥=6|ofio». 

5  '      .- 

x^  ^  6  times  io»,  therefore  multiply  the  fraction  f{^  by  f ,  the  product  is  an  equivalent 
o#io". 
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Or  (by  Rule  XL),  i»>  =  f8  of  io»  .  * .  iA*»  =  (I  =  of  y  =  ¥  =  6*  of  jo«. 

5 

Ex,  5.    What  fraction  of  ^  12  78.  6d.  is  ff  of  £^  3«.  9d. 

;f  12  78.  6d.  —  '^^^^'  •    •  Xt  ®    W«i  ■"  * 

6 
Op,«of^3  38.9d.  =  Hx  3A  =  «X«. 
And;fi2  7B.6d.=jfi2}=;f¥, 

Therefore,  ^|^  x  ^  X  |s|  =  *•  ^^' 

2      .   81 
3 

Ex.  6.    Reduce  f  of  a  pound  to  the  fraction  of  a  guinea. 

♦  of /i  =fxV  =  Vofa  ahiUing. 

y  of  I  shilling  =  VxA-==-^ofa  guinea. 

EXAICFLBS   FOB   FbAOTIOI. 

Sednce 

I*    jCI  to  the  fraction  of  a  guinea ;  ijs.  to  the  fruotion  oi£i;  f  to  the  fraction  of  15s. 
2.    }  hr.  to  fraction  of  i  day ;  t^  >q>  yd.  to  fraction  of  sq.  ft ;  if  day  to  fraction  of  i  hr. 
3*    tAt  of  I  niile  to  fraction  of  a  rood ;  f  sq.  ft.  to  fraction  of  pole ;  ifi  ton  to  fraction  of  i  qr. 

4.  f  lb.  troy  to  fraction  of  lb.  ay. ;  f  day  to  fraction  of  7  weeks ;  tAv  miles  to  fraction 
of  a  yard. 

5.  f  oz.  troy  to  fraction  of  lb.  troy,  also  to  fraction  of  lb.  ay. ;  f  lb.  to  fraction  of  a  owt. 

6.  rfv  of  a  pole  to  fraction  of  a  sq.  yard ;  ^Ur  of  a  mile  to  fraction  of  a  million  inches. 

116.  By  means  of  these  reductioiis  we  may  find  the  sum  and  differenoe  of 
fractions  of  concrete  numbers  consisting  of  one  or  more  denominations.  Thus, 
to  find  the  sum  of  j^  of  a  pound,  |^  of  a  sliilling,  and  f  of  a  crown,  we  may 
either  reduce  any  two  of  them  to  the  fraction  of  the  denominator  of  the  other, 
and  then  find  the  sum  of  these  fractions,  or  we  may  find  the  value  of  each 
and  then  take  their  sum. 

Examples. 

Ex.  I.    What  is  the  difference  between  1^  of  jC I  <^d  A  of  a  guinea? 

5 
Aof^i=^  X  ^  =  V«.  =  88.4d. 
3 

3 
A  of  a  guinea  =  A  x  —  =  V«.  =  7«.  6d. 

a  ■ 

Thi&nhn  the  difliRiiiot  is       lod. 
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Ex.  2.    Find  the  amonnt  of  \  oi£i  -}-  f  of  a  guinea  —  |  of  151. 

i  of  208.  =  68.  8d. 
f  of  lis.  =  6b.  od. 

Snm  of  these  is  12s.  8d. 

4  A 

Subtract  5  of  --  or  V«.,  or  6s.  8d. 

The  required  amount  is    68.  od. 
Ex.  3.    How  many  shillings  should  be  given  in  exchange  for  9-^  of  a  pound  F 

2 

and  ^  of  20s.  =  14s.  Am, 
Ex.  4.    Out  of  jf 4},  one-third  is  paid  to  A,  and  one-seventh  to  B ;  after  this  A^  of  tho 
remainder  is  paid  to  A,  and  the  rest  to  B ;  find  the  sums  respectively  received  by  A  and  B. 
;^   s.    d.  £   s.    d. 

3)4    7    6  7)476 

I    9    2  the  first  sum  paid  to  A.  012    6  the  first  sum  paid  to  B. 

Therefore,  £i  is.  8d.  being  paid  away,  there  was  (^4  78.  6d.)  —  (^^2  is.  8d.)  =  £%  58.  lod. 
left  as  remainder. 

And  A  X  {£^  58.  lod.)  =:  4  X  (4s.  id.)  =  168.  8d.  the  second  sum  paid  to  A. 
Therefore,  (£2  58.  lod.)  —  (i6s.  8d.)  is  all  the  rest,  which  is  £1  9s.  2d.,  the  second  sum 
paid  to  B. 

Therefore,  £1  98.  2d.  +  i^^*  ^^  =  £^  5"*  lod.,  sum  received  by  A,  and  iis.  6d.  -l- 
£1  98.  2d.  =  ^2  IS.  8d.,  sum  received  by  B. 

Ex.  5.    From  (  of  i  of  a  penny  subtract  ^  of  i  of  i  of  a  shilling. 

(JxH)-.(ixix  ^  X  xV) 

=  i  —  tV  =  1=3  =  A  =  tW. 

30 

Ex.  6.    Compare  the  values  of  A  of  a  pound,  A  of  a  shilling,  and  liw  of  a  guinea. 

I  S 

jfg  oi£i  =  ^  of  5jei8.  =  A«. 
24 

xh  of  I  guinea  =  ^^  of  !^s.  =  As. 

16 
Therefore,  reducing  to  a  common  denominator  the  fractions  A^m  A>>  cmd  1V1.,  they 
become  respectively  -ftits.,  'A^.,  and  1^4^.,  and  the  comparative  value  of  the  fractions  are 
as  30,  28,  and  27. 

EZA]^LE8   FOK  PaAOTIOB. 

Find  the  value  of— 

1.  i  of  a  ton  -(-  f  c^*  +  f  lb. ;  #  lb.  troy  —  i  oz.  troy ;  t%  mile  —  f  fur.  +  -A  pol. 

2.  Tfr  cub.  yd.  +  2^  cub.  ft. ;  7}  of  365  J  dys.  +  3A  of  %  wks.  +  }  of  5I  hrs. 

3.  iiftr  tons  +  tf  cwt.  +  Wft  lbs.  in  cwt. ;  A  ton  +  A  cwt.  +  i  i)8tf|  lbs.  in  tons. 

4.  Find  the  di£ference  between  f  of  1^  of  16  times  £%  178.  6d.  and  (f  —  -f  -l*  ^i)  of 
(li  X  i)  -f*  AV)  of  ;f  100,  and  find  what  fraction  this  difference  is  of  jf9i  12s.  8d. 

5.  Compare  the  values  oi  £ihy  fi  of  a  guinea,  and  3  X  4i  shillings;  also  oi-ft  of  a  day, 
and  f  of  an  hour. 

6.  Bring    (f^J^^*  +  ^)  ^  "**  ^'  ^^  ^"^  ^  **°*^''''  ^^^*  *°°' 
7-      {|;}^^of'^/ofiofasq.foot;|^j^^ 

to  the  fracttoo  of  a  furlong. 


95 


CHAPTER  V. 


DECIMAL    FRACTIONS. 


117.  In  the  Notation  of  Integers,  or  common  numbers,  the  actual  value 
of  each  figure  depends  upon  its  position  with  respect  to  the  place  of  units,  its 
yalue  in  any  one  position  being  one-tenth  of  what  it  would  be  if  it  stood  one 
place  further  to  the  left ;  thus  the  number  1 1 1 1  denotes  one  thousand,  one 
hundred,  one  ten,  and  one  unit,  or  1000  +  100  +  10  +  I9  where  the  second 
unit  beginning  with  the  right-hand  one  is  ten  times  the  first,  the  third  is  ten 
times  the  second,  the  fourth  ten  times  the  third,  and  so  on ;  or,  beginning 
with  the  first  on  the  left,  the  second  is  the  tenth  part  of  the  first,  the  third 
the  tenth  part  of  the  second,  and  so  on,  till  we  come  down  to  the  last  imit, 
which  is  merely  one ;  or,  in  other  words,  the  figures  decrease  in  a  tenfold 
ratio  firom  lefb  to  right. 

118.  Now  we  may  evidently  extend  this  principle  still  further,  and  on  the 
same  plan  may  represent  one-tenth  of  one,  one-tenth  of  this,  or  one-hundredth 
of  an^f  one-thousandth  of  one,  and  so  on,  by  simply  putting  some  mark  of 
separation  between  the  xnUgerB  and  these  fractiona.  The  mark  actually  used 
is  a  dot  ot/uU  stop  and  is  called  the  decimal  point,*  thus  1 1 1  n  1 1 1 .  The  unit 
(or  i)  next  the  dot,  on  the  left,  is  i,  the  unit,  one  place  from  this  on  the  lefb, 
is  10;  the  next  is  100 ;  the  next  1000,  and  so  on.  In  like  manner,  the  unit 
next  the  decimal  point,  on  the  right,  is  3^,  the  next  y^,  the  next  -n^>  ^^^ 
so  on.  In  other  words,  any  figure  one  place  to  the  right  of  the  unit's  place 
will  be  one-tenth  of  what  it  would  be  if  it  were  in  the  unit's  place ;  any  figure 
two  places  to  the  right  of  unit's  place  will  be  one-hundredth  of  what  its  value 
would  be  if  it  were  in  the  unit's  place,  and  so  on  for  any  number  of  figures. 
Such  fractions  are  called  Decimals. 

We  shall  in  this  manner  have  a  decimal  scale  of  notation  extended  below 
unity. 

The  whole  system  of  Decimal  Notation  may,  therefore,  be  denoted  thus,-* 

^    i  .      i      i 

i  SoS  S^  '  S^  Soo  So  g 

€  SH  d  o  B  S^c  B  2  |H  SHa 

*  The  decimal  point  should  he  put  at  the  top  of  the  line  of  figures  thus,  57,  hecauae  5.7, 
with  a  itop  at  the  hottom,  is  used  in  most  works  to  mean  5  X  7  =  35* 
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119.  Eetuming  now  to  the  yalues  of  the  figures  on  the  right  of  the 
decimal  point,  it  will  be  observed  that  each  is  a  fraction  having  ten,  or  some 
power*  of  ten,  for  its  denominator^  although  in  the  decimal  system  of  notation 
these  denominators  are  never  expressed. 

The  following  definition  is  now  dear — 

De£  A  decimal  fraction  is  one  whose  denominator — never  expressed  as  such — 
is  either  ten  or  some  power  often. 

NoTB  I  .-«It  IB  not  necessary  that  there  should  be  any  whole  numbers  in  order  that  a  fraction 
may  be  expressed  in  the  decimal  system,  for 

<me  one  hundredth  may  be  expressed  thus,        *oi 
Jive  ten  thousandths,  '0005 

NoTB  2. — Decimal  Fractions  are  also  called  Decimals, 

1 20.  A  decimal  fraction  may  either  be  considered  as  the  sum  of  as  many 
firactions  as  it  contains  digits,  or  as  a  single  fraction,  thus, — 

Ex.  I.    -567  =  A  +  xfc  +  Tifev. 

(The  L.G.M.  of  their  denominators  is  looo). 

•      500  -f  60  -f  7  ««T 

1000  xwwu 

Ex.  2.    '03057  =  1%  +  xJff  +  ttSw  +  Tzhz  +  unfifoTy* 

(The  L.C.M,  of  their  denominators  is  1 00000} . 

lOOOOO  Awwwww 

Ex.  3.    18-204  =  18  +  I'tf  +  Tov  +  nffSJS' 

(The  L.C.M.  of  their  denominators  is  looo). 

Hence  we  see, — 

ist.  That  a  decimal  is  always  equivalent  to  the  vulgar  fraction  which  has  for 
its  numerator  the  significant  f  figures  of  the  decimal  fraction,  and  for  its  denominator 
the  denominator  of  the  last  figure  on  the  right  of  the  decimal. 

2nd.  That  this  denominator  mag  also  he  found  hy  writing  a  cypher  for  every 
figure  in  the  decimal  fraction  and  placing  a  i  hefore  it, 

Thus,  -648  =  M;  .0091  =  £^',  701  =  7t*^. 

3rd.  That  any  number  composed  of  integers  and  decimals  may  he  expressed  as  a 
vulgar  fraction  having  all  the  figures  of  the  number  for  its  numerator  and  the 
denominator  of  the  last  decimal  on  the  right  for  its  denominator, 

Thus,  814-0315  =  JiMSJ*^. 

*  A  power  of  a  number  is  found  by  multiplying  that  number  by  itself  a  certain  number 
of  times.  When  a  number  is  multiplied  by  itself  oncet  the  product  is  called  the  second  power 
of  that  number ;  if  the  number  be  multiplied  by  itself  twice,  the  product  is  said  to  be  the 
third  power  of  that  number,  &c. 

t  The  figures  i,  2,  3,  4,  5,  6,  7,  8,  9,  in  a  decimal  are  sometimes  called  signijicani  digits; 
thus,  in  such  a  decimal  as  '0002345,  we  should  say  that  2345  are  the  signiBcant  dieits,  being 
those  which,  taken  by  themselves  alone,  have  some  real  value,  because  they  indicate  a 
number,  the  cyphers  only  serving  to  fix  the  place  in  which  the  2  occurs.  Again,  in  '0407 
the  figures  407  are  the  significant  digits. 
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121.  Conversely,  any  miliar  fraction  having  10,  or  any  power  of  10,  for  %U 

dmaminaiorf  may  h$  expressed  as  a  decimal. 

Thus, 

Ex.  I.    W  =  82A  =  82-6  (§  117-118). 

Ex.a.    -4***=8a3A%  =  823-49(5  "7-"8). 

We  generally  speak  of  any  figure  in  a  decimal  as  being  in  tueh  a  place  of  decimaU;  thufl, 
for  instance,  in  3' 14 159,  we  should  say  that  the  5  is  in  the  fourth  place  of  decimals,  the  9 
in  the  fifth  place,  and  so  on,  reckoning  from  left  to  right. 

122.  To  read  ofiP,  or  express  in  words,  decimal  fractions,  read  the  decimal 
figvres  as  t/ whole  number Sy  and  to  the  last  figure  add  the  name  of  the  order  deter^ 
mined  hy  the  place  it  occupies;  thus,  '734  is  read  seven  hundred  and  thirty-four 
thousandths ;  58*64327  is  read  fifty-eight,  together  with  sixty -four  thousand  three 
hundred  and  twenty-seven  hundred-thousandths. 

In  reading  decimals  as  well  as  whole  numbers,  the  unit* 8  place  should  always  be  made  the 
starting  point  It  is  advisable  for  the  learner  to  apply  to  every  figure  the  name  of  its  order, 
or  the  place  which  it  occupies,  before  attempting  to  read  them.  Beginning  at  the  unit's 
place  he  should  proceed  towards  the  right,  thus,  units,  tenths,  hundredths,  thousandths,  &c., 
pointing  to  each  figure  as  he  pronounces  the  name  of  its  order.  In  this  way  he  will  be  able 
to  read  decimals  with  as  much  ease  as  he  can  whole  numbers. 

123.  The  value  of  the  decimal  figures  depending  entirely  on  the  place  they 
occupy  with  respect  to  the  point  which  separates  the  units  from  the  tenths, 
any  number  of  cyphers  on  their  right  may  be  annexed  or  effaced,  without 
altering  the  value  of  the  significant  figures.  For  instance,  07  is  the  same  as 
0*70,  because  the  number  that  expresses  the  decimal  fraction  becomes  ten 
times  greater  while  its  parts  become  hundredths,  and  are  therefore  diminished 
ten  times, 

thus,  A  =  t'A  =  T^Jfe,  &0. 

and  hence  it  is  evident  that  annexing  cyphers  to  the  right-hand  of  decimals 
does  not  change  their  value,  for  we  only  multiply  both  numerator  and 
denominator  by  10,  100,  &c.,  and  consequently  do  not  alter  the  value  at  all. 
Again,  take  a  decimal  such  as  '96,  which  as  already  explained,  means  5 
tenths  6  hundredths,  it  will  follow  that  -560  means  5  tenths,  6  hundredths, 
no  thousandths ;  whence  the  addition  of  the  cypher  to  the  right-hand  has 
made  no  alteration  in  the  value  of  the  decimal.    In  fact 

•56  =  A%  and  -560  =  TflSSr  =  ^, 
Similarly,  '23,  '230,  and  '2300,  are  all  of  equal  value,  for  expressed  as 
fractions  they  are  respectively  ^^^V*  iW<y>  ^^  AV^V- 

The  effect  of  prefixing  and  affixing  cyphers  to  decimals  is  thus  exactly  the 
opposite  of  the  effect  produced  by  prefixing  and  affixing  cyphers  to  integers. 

1 24.  It  is  evident  that  noughts  on  the  extreme  left,  or  on  the  extreme  right, 
of  any  set  of  figures,  are  only  of  use  where  the  unit  point  cannot  be  properly 

0 
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marked  without  them.  Thus,  in  0089*3200  the  noughts  are  useless;  but 
in  the  case  of  8900*  they  are  needed  to  distinguish  eight  thousand  nine 
hundred  from  89,  and  conversely  in  '0043  they  are  needed  to  distinguish 

125.  Bat  placing  cyphers  between  the  decimal  point  and  the  other 
decimal  figures  does  alter  the  value  of  the  decimal,  because  this  alters  the 
place  of  the  significant  digits,  the  value  being  diminished  ten  times  for  each 
cypher  that  is  prefixed ; 

thus,  '7  =  1^,  -07  ^  xJiyi  '007  =  tAtt,  and  so  on. 

126.  We  infer  from  this,  that  as  the  value  of  a  decimal  is  decreased  ten- fold 
for  every  cypher  added  to  the  left-hand,  wo  do  in  fact  divide  a  decimal  by  10, 
by  100,  by  1000,  &c.,  as  we  shift  the  decimal  point  one,  two,  three,  &c., 
places  to  the  lejt;  and  that  conversely  by  shifting  the  decimal  point  one, 
two,  three,  &c.,  places  to  the  righty  we  multiply  the  decimal  by  lo,  by  100, 
by  1000,  &c.  For  instance,  the  expression  56789  is  divided  by  ro  if  written 
5  6789,  is  divided  by  joo  if  written  -56789,  and  is  divided  by  1000  if  written 
•056789;  whereas  the  expression  '00723  is  multiplied  by  10  if  written  "0723, 
is  multiplied  by  loo  if  written  '723,  and  is  multiplied  by  1000  if  written  7*23. 

1 27.  The  advantage  arising  from  the  use  of  decimals  consists  in  this,  viz., 
that  the  addition,  subtraction,  multiplication,  and  division  of  decimal  fractions 
are  much  more  easily  performed  than  those  of  vulgar  fractions ;  and  although 
all  vulgar  fractions  cannot  be  reduced  to  finite  decimals,  yet  we  can  find  deci- 
mals so  near  their  true  value,  that  the  error  arising  from  using  the  decimal 
instead  of  the  vulgar  fraction  is  not  perceptible. 

Examples  fob  PaAcncE. 
Express  as  decimals — 

I.    A>  Ai  A»  tSAt.  rhuy  tAvi  tAW  "Att^i  xJiifoj  *nd  ^W- 
«•    TgjSAooi  rAWlnyi  T7roo8oooo»  ioo8ooo>  ^8^»  iMr*  and  f  JJJJ. 

In  the  following  mixed  numbers  write  the  fractional  parts  in  decimals:— 
4.    7t{I*t»  43A'o\fc.  9TJiH^TT.  'Toohoo.  and  35iWffW  • 

Express  as  vulgar  fractions,  and  reduce  to  lowest  terms : — 

6.  7,  -07,  -007,  -000007,  -327,  3-27,  -45697,  456-97,  -893,  -0000893,  47*256,  -0050005. 

7.  -0000001024,  -000000000576,  -9241,  67'09,  '2064919,  -00000000000000065536. 
Express  as  decimal  fractions  the  following: — 

8.  Seventy-three  thousandths;    one  hundred  and  ninety-seven  /m  thousandths;    one 

millionth ;  two  hundred  and  sixty-one  hundred-thousandths ;  one  thousand  and 
one  ten  millionths. 

9.  One,  and  fifty-four  hundredths;    twenty -four,  and  seventy-nine  thousandths;   three 

hundred  and  fifteen,  eight  ihousandt/ts ;  and  fifty  millionths ;  eleven  hundred 
millionths;  nine  thousandths. 


Bmtndl  Fractions.  99 


la  One  tenth;  three  hundredths;  five  thomnndth% ;  one  hundred  and  fire  thou^andtht ; 
two  millionth^;  nixty  miltionths  ;  forty-ono,  and  ciuht  hun  htdths  ;  on«  thousand, 
and  one  thousandths ;  thirty,  and  six  milfimths  ;  ono  hundred  t/iomandths ;  two 
thousand  thrue  hundred  and  seventv-fi^'t)  huii(lr<.-d  miltionths. 

II.  Four  thousand  and  four,  and  throe  hundrol  and  forty-fivo  Un-miVlonths ;  thref*,  and 
four  hundred  thousandths;  fire  hundred  and  twenty- (bur  millions  six  hundred 
and  twenty-four,  andeii^ht  thousand  and  thL:ty-four  ten-nulliontha  ;  one  hundred 
thousand,  and  one  ten-miUionlh, 

Express  in  words  the  following : — 

la.    '6,  '92,  '5498,  7*07,  26*405,  'cooDoi,  '00037,  irioiior,  '0440308,  '82344,  '13236. 

13.  9'0457,      4004*0000345,      3"4oor,      5  24000')  34*0008034,     '000003705,     '000024056, 

7005*000000674,  looooo'ooooooi,  lO'ooi,  9000028,  I  0006003. 

14.  1*000001,  'loooooi,  *oooooooi,  1*13004,  9'203i67,  4'30o8oo4,  27-4627350. 

15.  Multiply  each  of  the  quantities  '0007453.  48*95621,  and  8*76430071  successively  by 

one  thousand,  by  ten  thousand,  and  one  hundred  tliousand;  and  divide  each  of 
531*674,  '000317,  and  902030401  successively  by  ono  million,  by  ten  million,  and 
by  one  hundred  million. 

16.  Multiply  47*83  by  10, 100, 1000,  tV»  tJit,  tsWi  "5  X  1000,  75. 


ADDITION. 

128.  Decimals,  or  integers  and  dorimals  mixed,  may  be  added  tosveiher  precisely  as  in 
whole  numbers,  c»ro  being  taken  so  to  arr.mgo  the  figures  that  all  the  decimal  points  fall 
eiactly  under  one  another.  This  will  ensure  that  tenths  iall  under  tenths,  hundredths  under 
hundredths,  fe.  The  reason  of  this  arrangement  will  appear  from  the  following  considera- 
tion; if  this  rule  were  not  observed,  tenths  would  ftll  under  hundredths,  or  hundredths 
under  thousandths,  as  the  case  might  be;  and  we  should  be  attempting  to  add  together 
fractions  which  had  not  common  denominators.  But  if  wo  arrange  the  decimal  points 
all  exactly  beneath  one  another,  tenths  fall  under  tenth?,  hundredths  under  hundredths, 
ftc.,  in  other  words,  by  so  arranging  them  we  at  once  bring  the  several  fractions  to  a 
common  denominator,  and  can  proceed  to  add  them  together.  The  decimal  point  in  the 
answer  will  fall  exactly  beneath  the  decimal  points  in  the  quantities  to  be  added.  When 
the  sum  of  anj  figures  exceeds  10,  20,  &c.,  carrying  to  the  next  denominator  will  be  per- 
formed exactly  as  in  whole  numbers,  whether  the  given  quantities  are  all  decimals  or  are 
mixed  integers  or  decimals.  For  as  the  value  of  each  figure  docresises  tenfold  as  we  proceed 
from  left  to  right,  the  rules  of  ordinary  addition  are  immediately  applicable.  For  instance, 
let  it  be  required  to  add  together  '8,  '78,  and  '678. 

*8  Where  we  see  that  after  writing  in  the  answer  8  in  the  place  of  thousandths,  that 

*7^  7  hundredths  and  8  hundredths  added  together  mike  15  hundredths ;  but  15  hundreds 

"^  are  i  tenth  and  5  hundredths,  writing  5  in  the  place  of  t/iousandths^  and  carrying 

3'2c8  ^°®  ^  ^^®  place  of  tenths,  we  obtain  22  tenths;  but  22  tent/is  are  properly  written 

.......  as  a  integers  and  2  tenths. 

Again,  where  integers  and  decimals  are  mixed. 

3*007  Where  writing  5  in  the  place  of  ten  thousandths,  the  sum  of  7  thousandths  and 

42^  7  thousandths  is  14  thowandths ;    writing  4  in  the  place  of  tfiousandths,  Kti^ 

3975       carrying  one  to  the  pla'  o  of  hundredths  we  o'-ta-n  lo  as  tho  surn  in  tho  hundredths 

g  place;  but  lo  hundreiths  are  i  tenth,  carrying  i  to  tho  pla«o  ot  tenths,  we  have 

-  10  tenths ;  but  as  10  tentJ^  aro  i  unit,  we  carry  i  to  tho  place  of  integers,  and 

init«  6  in  the  place  of  umUe,  and  4  in  the  place  of  tens. 


lOO 


Decimal  FracUam. 


EULE  XLIV. 

i^.    Place  the  quantities  ao  that  their  decimal  points  shall  he  in  the  same  vertical 
line  :  for  then  the  quantities  of  the  same  denomination  will  stand  together. 
2^.     TTien  proceed  as  in  addition  of  whole  numbers. 


Ex.  I.    Add  together  27*5037,  '042,  342, 
and  9*1. 

27-5037 
'042 

34* 
2*1 


Ex.  3. 


371*6457 

1234-6789 

13 

170 

•0054 

•5 

87142 

1505*3263 


Ex.  a.     Add   together   23*6281   4*1056, 
-0x37,  c^d  '0042. 

23*628 
4"  1056 
•0137 
-0042 


^rns^s 


Ex.4. 


66199*3226 
•301 

54*5  , 
-00632 

1000 

•07 
32745-80008 

lOOOOO 


Examples  fob  FRAoncoB. 
Add  together 

1.  -295,  3*086, 12*87,  '0051,  and  729*54;  *o8,  165,  1*327,  '0003,  2760*1,  and  9. 

2.  8-1,  40652,  98*51,  695*7,  and 43'97o6;  69*75,  097,  0*059,  672*5,  48,  and 932*6. 

3.  897*4,  63*18,  400*03,  7*9,  639,  and  40079. 

4.  3608*26,  360*826,  36-0826,  3-60826  and  *223i4. 

5-  36o53»  '0079  •ooo95*»  4n»  855803,  and  *oooo50i. 

6.  87-1  +0-376+-0O56+49  +  30O9  +  -7O9;  21*74, -075, 103-00375, -0005495, and 4957 -5 

7.  -8  +  -046  +  9*1  +  3*09,  +  86409  +  32. 

8.  -0003025,  29*99987,  143*2,  5-000025,  9000,  and  3*4073. 

9.  .1  +  -I  +  "OX  +  -oox  +  'ooox ;  x  +  *2  +  *o3  +  "004  +  *ooo5. 

10.  X90oo*oooi9  -t"  208*20808  -{-  64*39007  -)~  2 1 0860- 8000341  -l"  9*637* 

11.  Eighteen  hundredths;    seven  hundred  and  forty -five  hundred  thousandths;    nine 

thousandths;  forty-three  millionths;  five  hundred  and  eight  thousandths;  one 
hundred  and  thirty-two  thousandths;  one  thousand  and  forty-four  ten  millionths; 
twenty-five  hundredths ;  five  tenths ;  and  six  hundred  and  five  thousandths. 


SUBTRACTION. 

129.  In  suhtraotion  of  decimals,  or  of  integers  and  decimals  mixed,  for  reasons  precisely 
rimilar  the  decimal  points  must  be  arranged  to  fall  exactly  beneath  one  another ;  and  then  the 
smaller  quantity  can  be  subtracted  from  the  larger  in  the  same  manner  as  in  whole  numbers, 
ihousandtha  being  taken  from  thowandths^  hundredths  from  hundredths,  tentht  from  tentht. 
The  decimal  point  in  the  answer  will  fall  exactly  beneath  the  decimal  points  in  the  subtra- 
hend and  minuend,  cypher8  may  be  added  (or  supposed  to  be  added)  to  the  right  of  the 
decimal  figures  in  the  minuend,  as  this  will  not  alter  the  value  ({  123},  and  the  subtraction 
may  prooeed  as  in  whole  numbers. 


IMmallHractiimt. 


toi 


EULE  XLV. 

i^.    PIae$  the  fuantUtea  bo  that  their  decimal poinU  shall  he  in  the  same  vertical 
Urn. 

1^    Next  proceed  ae  in  eubtr action  of  whole  numhere. 


EXAXPLSS. 


Ex.  I.    Sabtnci  '756  from  '897. 

•897 
•756 

•141 

Hers  tlM  difference  between  6  ikouiondih^ 
and  7  ihemendiha  is  i  thousandth,  between 
o  ktmdrtdtht  and  5  hmndredths  is  4  huHdrkUhg^ 
between  8  ienthe  and  7  ^<A«  is  i  tenth. 

Ex.  3.    From  98765*4321  take  99*99. 
98765*4321 
9999 

98665*4421 

In  this  imtance  2  oypben  may  be  eup- 
poked  annezed  to  the  right  of  99*99  aa 

9999  =  99*99«>- 


Ex.  2.    From  37*6  take  *907. 

In  this  inatanoe  37*6  may  ba  written 
37'6oo. 

37'6oo 
*907 

36693 


Ex.  4.    Subtract  '97658  from  5*1394. 

5*  1 394 
'97658 

4*16282 

In  inbtraoting  8,  o  la  rappceed  to  occupy 
the  place  above  it,  aa  5*139^  =  5*1394. 


Ex.5. 


'01 

'0000999 
'0099001 


Ex.6. 


I* 


•477" 
*5»a«8 


In  examplea  of  thia  kind  (4, 5, 6,  and  8),  when  the  number  of  decimal  figures  in  the  lower 
Unea  exceeds  the  number  of  figures  in  the  upper,  it  is  advisable  to  mentally  supply  cyphers 
to  make  up  the  deficiency  in  the  upper  line.  This  may  be  done  without  altering  the  yalna 
of  the  upper  line. 


356-285457 
256*285458 

99999999 


Ex«8. 


'OOOOOI 


•999999 


FiTAlfPT.Efl  FOB  FjuLonai. 
Bdbtract 

I.    364*3123  from  456-0546;     32*756218  from  1460*39;     *oo9623478   from  *076345; 
'87623  from  24681. 

a.    3*07  from  6*501 ;  '99  from  i ;  2*9989  from  3 ;  *oooooi  from  10 ;  and  10*415  from  aoo. 

3.  '0090806  from  39*857 ;  'OOOOOI  from  *oooi ;  *876534  from  8*21314 ;  '000004  from  '0004 ; 
'9682347  from  65*00001 ;  *79999  from  9 ;  7  hundredths  from  700;  and  65*84003  from  603. 

4.  '999999  from  9 ;  *oooooo99  from  99 ;  9*163  from  81*6823401 ;  '999  firom  3*29. 

5.  From  42  hundredths  take  42  thousandths;   from  96  thousandths  take  909  ten 
thousandths ;  from  7  take  7  tenths ;  from  7  tenths  take  7  mUlionths. 

Find  the  results  of  the  following  mixed  additions  and  subtractions :— > 

6.  1879+  I '003  —  19  +  271*94  — -000125;  243-12  4-*oioi  — 79-89+  8-451  —  129-99. 

7.  '30103  +  *477"  —  *845io  +  •aa»85  —  *I5490* 

8.  814*21903  —  1007*6x2  —  203*05566  +  6002*1918  —  50*1382605. 


lOl 


Decimal  FraetioM, 


MULTIPLICATION. 

i;{0.  We  have  stafed  that  for  every  place  we  shift  the  decimal  point  to  the  rt^A^  we 
increase  the  vhIuo  of  the  decimal  (en-fold^  for  every  place  we  shift  it  to  the  left  we  decrease 
it  ten- fold.  Now,  in  multiplying  two  decimuls  together,  since  the  law  of  local  value  holds 
good  with  regard  to  the  digits  comprising  the  decimals,  the  process  of  multiplication  will  he 
performed  exactly  as  in  ordinary  whole  numhers ;  the  only  matter  requiring  consideration  will 
be  the  proper  position  of  the  decimal  point.  Suppose  we  have  to  multiply  4935  by  6*28,  and 
let  us  suppose  the  decimal  point  in  each  case  removed  to  the  extreme  right.  Then  (§  123) 
we  have  multiplied  the  number  4*935  by  1000,  and  the  number  6*28  by  100,  and  we  have 
obtained  the  numbers  4935'  and  628*  respectively.  Now,  4935  x  628  =  3099180,  but  as 
we  have  increased  oar  original  numbers  one  thousand  and  one  hundred  fold  rectpectively,  it 
is  evident  our  product  is  increased  1000  X  100,  or  one  hundred  thousand  fold.  Dividing, 
therefore,  the  above  result,  3099180  by  1 00000,  or  which  is  the  same  thing  (§  123),  writing 
it  3099180*  and  removing  the  decimal  point  5  places  to  the  left,  we  get  for  the  product  of 
the  numbers  4*935  and  6*28  the  result  30*99180.  It  will  be  seen  that  the  number  of  decimal 
places  in  the  product,  namely  5,  is  the  sum  of  the  number  of  decimal  figures  in  the  two 
given  numbers. 

We  have,  therefore,  the  following  rule  for  multiplication  :— 

EULE  XLVI. 

Multiply  the  numhers  together,  as  whole  numherSf  and  point  off  aa  many  decimal 
places  in  the  product  (beginning  at  the  right  J  as  there  are  decimal  places  in  the 
multiplier  and  multiplicand  together. 

When  the  decimal  places  to  bo  pointed  off  are  more  in  number  than  the  figures  of  the 
product,  make  up  the  proper  number  by  prefixing  cyphers  to  the  product. 


Examples. 


Ex.  I.    Multiply  '784  by  *8. 

•784 
•8 


•6272 


There  are  three  decimal  places  in  the 
multiplicand  and  one  in  the  multiplier,  t.«., 
four  in  all ;  and,  since  there  are  also  four 
fiures  in  the  product,  the  whole  product  is 
a  decimal. 


Ex«  2.    Multiply  '0048  by  'ooooia. 

'0048 

*00OOI2 

•0000000576 

The  product  of  48  and  12  is  576.  The 
number  of  decimal  places  in  the  multipli- 
cand and  multiplier  together  being  ten^ 
while  the  product  contains  but  three^  it  is 
necessary  to  prefix  seven  cyphers  to  the 
product  to  give  the  ten  places  of  decimals 
required. 


Ex.  3.    Multiply  236000  by  '48. 

236000 
•48 


1888 
944 


113280*00 


K 


Tho  product  of  2^6  hy  48  is  11328;  in 
236COC  are  no  docimals;  in  '48  are  two 
decimala ;  therefore  two  places  are  pointed 
off  in  the  product. 


Ex.  4.    Multiply  5*63  by  '00005. 

5*63 
000005 

0*3002815 

In  5*63  are  tu>o  decimals ;  in  *oooo5  are 
five ;  therefore  three  cyphers  must  be  pre- 
tixt'd  to  the  product  2815,  and  Mvett  places 
ot  decimals  murktd  off. 


Decimal  Fraeiiom. 


103 


Ex.  5.    Find  the  Talae  of  19*01  X  4*308. 

4-308 
19-01 

4308 

3877* 
4308 


81-89508 


In  1901  are  two  decimals;  in  4*308  are 
ikrm  decimals ;  therefore ^ptf  decimal  places 
muit  be  marked  ofif  from  the  pioduct. 


Ex.  6.    Find  the  value  of  1*005  X  '005 
X  "0064. 

I  •005 

•0C5 


*00«'C2C 
•0064 


20100 
30150 


'OOOO32160O 


EXASIPLES    FOB  PbACTICE. 

Find  the  value  of 

I.  2*5  X  4;  -15  X  40;  *'5  X  476;  2-5  X  4*7^;  'oo>5  X  4'76;  '01$  X  '0476. 
*ooo2  X  "ooioi;  90-01  X  0*034;  -0008  X  '00014;  '6005  X  '^^IS* 
•0783  X  '461;  '1764  X  96;  -06948  X  -0087;  '00043  X  4700- 
230  0'5  X  5*002;  52 1 801  X  "801;  507  X  '507;  2020  X  --802;  -05  X  -0086. 
1*075  X  oioi;  8004  X  "004;  -0006  X  -00012;  923521  X  •28629151. 
100*0008  X  '000306;  7535C60  X  62-3906;  3i'5037i  X  17-0352. 
•000713  X  2*30561;  42*10062  X  3*821013;  1*0142034  X  '0620034. 

8.  25067823  X  'ooooooi ;  3942003  X  *ooooooo3;  -834567834  X  'ooocooooS. 

9,  22*5  X  '0241  X  '024;  0003  X  '01  X  500000;  *i2  X  1*2  X  *oi2  X  120. 
xo.  2*7  X  '27  X  -027  X  270;  -2  X  -04  X  '008  X  64000. 


2. 

3- 
4. 

5- 

6. 

7. 


D    VISION. 

131.    Let  it  be  required  to  divide  37*015  by  6*73. 

By  shifting  the  decimal  point  to  the  ri^ht  of  the  dividend  and  divisor,  so  as  to  turn  both 
into  whole  numbers,  we  inrroase  the  divi  lend  looo-fold  and  the  divisor  ioo>fold.  The 
former  of  these  alterations  will  have  the  same  (ffect  as  multiplying  the  quotient  by  looo, 
the  latter  the  same  as  dividing  by  100,  so  that  the  quotient  will  be  10  times  too  great,  and 
mast  be  further  divided  by  10,  t.e.,  one  decimal  place  must  be  pointed  off  to  give  a  correct 
reenlt. 

Had  it  been  required  to  divide  370*15  by  6*73,  where  there  is  the  same  number  of  decimal 
places  in  both  dividend  and  divisor,  by  shifiing  the  decimal  points  so  as  to  make  both  whole 
numbers,  we  should  increase  the  dividend  100-fold  and  the  divisor  100-fold;  this  would  not 
affect  the  value  of  the  result,  and  the  quotient  would  be  a  whole  number  requiring  no 
decimal  point  at  all. 

If  the  given  qualities  bad  been  370*15  and  *673,  so  that  there  had  been  fewer  decimsl 
places  in  the  dividend  than  in  tho  divisor  by  converting  both  into  whole  numbers,  we  should 
have  increased  the  dividend  loo-fold  and  the  divisor  1000-fold,  and  to  obtain  the  correct 
result  we  should  had  to  multiply  the  quotient  by  10. 

We  can  hence  determine  the  following  practical  rule  for  the  division  of 
decimals. 

EULE  XLYII. 

Divide  as  in  whole  numbers.  The  rule  for  placing  the  decimal  point  is,  that  the 
quotient  must  have  as  many  decimal  figures  as  the  decimal  places  in  the 
dividend  exeeed  those  in  the  divisor ;  that  is,  the  quotient  and  divisor  together 
must  contain  as  many  decimal  as  the  dividend. 


I04 


IMM  Fm^tmi. 


EZAMPLBS. 


Ex.  I.    Divide  17*68  by  3'4. 

3'4)i7-68(5-a 
170 


68 
68 


Here  17*68  contains  two  decimals;  3*4 
contains  one ;  therefore  51  must  contain  the 
remaining  one  required,  and  be  written  5*2. 

Ex.  3.    Diyide  4*784  by  9*2. 

9-2)4-784('5» 
460 

184 
184 

Here  4*784  contains  three  decimals,  and 
9*2  one,  the  remaining  two  required  must 
therefore  be  obtained  by  pointing  off  both 
figures  thus,  '52. 


Ex.  a.    Diyide  547*8  by  66, 
66)547-8(8*3 

£!L 
198 
198 

Here  547*8  contains  one  decimal ;  66 
none ;  hence  83  must  contain  one,  and  be 
written  8*3. 

Ex.  4.    Divide  1353*6  by  37*6. 

37*6)1353*6(36 
1128 


2256 
2256 


Here  the  dividend  has  one  decimal,  and 
the  divisor  also  one,  or  as  many,  and  the 
quotient  is  therefore  an  integer. 


(a)     TFTien  the  dividend  hat  no  dedmaU^  cyphers  muet  be  annexed,  preceded  hy 
the  decimal  point. 

EiAlCPLBS. 


Ex.  X.    Divide  38  by  *o8. 

•08)38-00 

475 

Annexing  two  cyphers  to  38  gives  the 
complete  quotient  475. 


Ex.  a.    Divide  132  by  0*7. 
0*7)  1 32*00000 

1885714 

Annexing  five  cyphers  (decimals)  gives 
quotient  1 8857 14.  Then  the  number  which 
ad  ied  to  one  decimal  in  0*7  to  make  up  five 
is  four.    Ans.:  188*5714. 


(b)     JFTien  the  number  of  figuree  in  the  quotient  is  not  sufficient  to  mate  up  the 
required  number  ofdeeimah,  cyphers  must  be  prefixed. 


Ex.  I.    Divide  '30285  by  67*3. 

67*3)*30285(45 
2692 

33^5 
3365 

Here  '30285  contains  five  decimals,  and 
67*3  contains  only  one  ;  the  quotient  45 
contains  only  two,  and  four  are  required ; 
hence  two  cyphers  must  be  prefixed,  and 
the  quotient  written  as  '0045. 


Ex.  1.    Divide  4*784  by  92. 

92)4-784(52 
460 

184 
184 

Here  4*784  contains  three  decimals,  and 
92  none ;  the  quotient  therefore  must  con- 
tain three,  and  becomes  '052. 


(c)  When  the  number  of  decimal  places  in  the  dividend  is  less  than  the 
number  in  the  divisor,  annex  as  many  cyphers  to  the  dividend  as  will  make  the 
number  equal  to  the  number  in  the  divisor^  and  then  proceed  as  in  whole  numbere. 
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Examples. 

Ex.  I.    DiTide  14*4  by  '0012.  1        Ex.  2.    Divide  3028*5  by  '673. 

'0012)14*4000  '673)3028*500(4500 


12000 


2692 

3365 
3365 


The  diviflor  contains  four  decimal  places 
and  the  dividend  only  ofM,  annex  three 
cyphers  to  the  dividend,  so  as  to  make  the    ,  00 

number  of  decimal  places  in  both  divisor    i  ■ 

and  dividend  equal,  and  then  divide  by  1 2.  In  this  instance  the  divisor  contains  ihrm 

decimal  places  and  the  dividend  only  om#  ; 

therefore  tufo  eyphtr$  are  annexed  to  make 

I    the  number  of  decimal  places  in  each  equal. 

The  divison  may  always  be  carried  to  any  degree  of  accuracy  by  anneziiig 
cyphers  to  the  dividend,  as  is  seen  in  example  2  (a). 

The  decimal  point  may  be  removed  altogether  from  both  the  divisor  and 

dividend,  by  continually  multiplying  each  by  10  ;  for  the  quotient  will  thus 

remain  unaltered.     The  first  decimal  in  the  quotient  will  then  appear  onlj 

with  the  first  cypher  annexed  to  carry  on  the  division. 

Ex.  Divide  55*80  by  0*04.  Multiplied  by  10  they  become  558  and  0*4,  multiplied  again 
they  become  5580  and  4,  the  quotient  of  which  is  1395. 

This  easy  process  furnishes  a  complete  security  against  wrongly  placing 

the  decimal  point  in  the  quotient. 

Examples  for  Fbactice. 

1.  Divide  99*12105  by  5,  7,  9,  36,  and  88  ;   6'668i6  by  4,  8,  25,  and  630. 

2.  „       6541-234567  by  21 ;  746i'30765  ^7  '"  ;  2188*054  by  983;  8727588  by  1620. 

3.  „      -0029202  by  157  and  by  1*57;  3o»*85  by  6  73;  30285  by -673;  30*285  by  673. 

4.  „       *ooo33  by  "Oil ;  14002564  by  1*871 ;  4*32067  by  *ooi ;  •59by8ooo;  i67342b7 

•002;  -001024  by  30517578125;   looi  by  16384;  412  by  515;  17  by  4*25, 

5.  „  32S'67543  by  2002  ;  684234*6  by  2682  ;  73  8243  by  '061 ;  *oooo6  by  -003. 

6.  „  99*  by '37  ;  '1599  by  4100;  •019  by  190;    i  by  152;  -2  by  23*2. 
»>  '*95  ^y  *oooi3  ;  9614  by  0000019  *»  ''5  ^7  3^'*5  »  ^"9*  ^7  ^37*6567. 
„  61000  by  *825;  570^7 '005;  S^'S^7  A^^\  '0468  by -1755;  '1755  1^7  *0468. 
„  *o 1 2550  by  1004000;  12*55  by '01004;  1255  by  10*04;  '02916  by  *ooia. 
„  '001255  ^7  1004;  "032016  by  "004;  *oooooo202  by  'ooioi ;  '002  by  34*2. 
„  7821  by  '079;  '10304  by  9200;  *oooi5  by  '016;  500  by  '25. 

•6  by  6 ;  6  by  '6 ;  '06  by  60 ;  *oo6  by  6 ;  600  by  '6 ;  600  by  '06 ;  '006  by  600. 

(i)  \i  to  10  decimal  places ;  (2)  -A^/^  to  12  decimals ;  (3)  \i?it  to  25  decimals ; 
(4):'MV  to  25  decimals;  (5}  "AWA  to  15  decimals;  (6)  T7T:iTiYV  to  6 
decimals ;  (7)  l^CHfl^  to  6  decimals ;  (8)  '?M^\W  to  6  decimals. 

Contracted  Multiplication  of  DeeimaU, 

If,  in  the  ordinary  way,  we  multiply  a  number  containing  four  figures  of 
decimals  by  another  number  containing  four  figures  of  decimals,  the  product 
will  contain  eight  decimal  figures.  Now  decimals  as  they  occur  in  practice 
are  not  exact  but  approximate  quantities,  and  the  use  of  four  figures  of  deci- 
mals implies,  speaking  roughly,  an  uncertainty  of  five  units  either  way  in  the 
fifth  decimal  place ;  that  is  to  say,  '78^4  may  mean  anything  between  '785 1( 
p 


7 
8 

9 

10 

ir 
12 


it 
»» 
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and  78545.  Similarly^  '4142  may  mean  anything  between  '41415  and  '41425. 
If  we  have  to  multiply  '7854  and  '4142  together,  we  get,  in  the  ordinary  way, 
'32531268.  But  since  these  numbers  are  uncertain,  instead  of  exact,  their 
product  is  uncertain  also,  and  may  fall  anywhere  between 

•78535  X  •4i4«5  and  -78545  X  •4H"5» 

or  between 

•3251527025  and  -3253726625. 

We  can  therefore  only  be  certain  of  the  product  as  far  as  these  agree,  viz., 
that  it  is  '3253  nearly.  Hence,  in  order  not  to  throw  away  labour,  it  is 
desirable  to  use  some  method  which  will  give  us  this  product  without  super- 
fluous results.    We  proceed  by 

EULE  XLVni. 

Invert*  the  order  of  thefgures  of  the  multiplier,  and  write  them  under  those  of 
the  multiplicand  in  iuch  a  way  that  what  was  the  unit's  figure  of  the  multiplier 
mag  come  under  the  last  place  of  decimals,  which  is  to  he  retained.  Multiply  as 
usualf  with  this  exception,  that  each  place  of  the  multiplier  begins  with  the  figure 
of  the  multiplicand,  which  comes  immediately  over  it,  the  figure  next  to  that  being 
only  used  to  carry  from  (as  in  the  subsequent  example).  JPut  the  several  lines 
directly  under  one  another ,  instead  of  removing  each  one  place  to  the  left. 

Examples. 

Ex.  I.  Tomnltiply  147*3861  by  -6457,  lAtaining  only  three  places  of  decimals.  Thesecond 
factor,  'written  so  as  to  show  a  unit's  place,  is  0*6457  ;  and  in  reversing,  the  o  most  fall  under 
the  third  decimal  place  of  the  other  factor,  thus : — 

147 3861        Multiplier  reversed ;  unit's  place  o  falling  under  third  decimal  6  of  the  upper 
7546-0  line. 

■        Multiplier  6 ;  figure  to  begin  with,  8,  figure  to  carry  from,  6,    8iz  times  6  is 
88432  36,  nearest  ten,  four  tens,  carry  four.    Six  times  8  is  48,  and  4  is  52,  put 

down  a  and  carry  5.    The  rest  as  usuaL 
5895        Multiplier  4 ;  figure  to  begin  with,  3,  figure  to  carry  from,  8.    Four  times  8 
is  32 ;  nearest  ten,  three  tens,  carry  three.    Four  times  3  is  ix,  and  3  is 
15,  &o.    The  rest  as  usual. 
737        Multiplier  5 ;  figure  to  begin  with,  7,  figure  to  carry  from,  3.    Five  times  3 
is  15 ;  nearestf  ten,  two  tens,  carry  two.    Five  times  7  is  35,  and  a  is  37, 
&c.    The  rest  as  usual. 
103        Multiplier  7  ;  figure  to  begin  with,  4,  figure  to  carry  from,  7.    Seven  times  7 
i8  49 ;  nearest  ten,  Jive  tens,  carry  five.    Seven  times  4  is  28,  and  5  is  33, 
— ^^^—  &c.    The  rest  as  uoual. 


95*167        Add  as  usual,  and  mark  off  three  places  (the  number  proposed)  for  decimals. 

The  full  product  of  147-3861  and  '6457  is  95-16720477,  which  in  thousandths 
only  is  nearest  to  95-167,  our  result. 


*  The  object  of  reversing  t}\p  figures  of  the  multiplier  is  simply  to  get  the  product  figures 
into  their  proper  places  with  eate  and  certainty. 

t  In  this  case  15  is  equally  near  to  0n«  ten  and  two  tens.    It  is  usual,  and  generally  more 
ooxrect,  to  take  the  higher  of  the  two. 


2Wmm/  livetumt. 


16^ 


Ex.  s.    Maltiply  -456798  by  '23456,  retaining  Jtve  decimal  places  in  the  answer.    The 
multiplier  written  so  as  to  show  a  unit's  place  is  0*23456. 


•456798 
6543a*o 

9136 

1370 

183 

*3 

a 

•10714 


Multiplier  reversed;  unit's  place  o  falliug  under  fiflh  decimal  9  of  the  upper 
line. 

Begin  multiplying  the  2  into  the  7,  which  is  the  fourth  figure  of  the  multipli- 
cand. We  must,  however,  atrry  from  the  product  of  the  rcjer-ted  figures  (idways 
carrying  to  the  first  figure  stt  down  in  eaoh  row  of  multiplication  as  many  units 
as  are  equal  to  the  nearest  number  of  tens  derived  from  the  multiplication  of  the 
last  two  rejected  figures  of  the  multiplicand).  Hence  the  process  will  be, — twice 
8  are  16;  twioe  9  are  18,  and  i  are  19 ;  but  19  is  nearer  to  20  than  to  10,  there- 
fore carry  2 ;  then  say,  twice  7  are  14,  and  2,  16,  set  down  6,  and  finish  the  line 
of  multiplication  in  the  ordinary  way.  For  the  next  row  multiply  by  3,  rejecting  this  time 
7  alto  from  the  multiplicand,  but  carrying  2,  as  the  number  of  units  equal  to  the  nearest 
nomber  of  tens  derived  from  the  multiplication  of  the  rejected  9  and  7.  3  times  6,  18,  and 
a»  20 ;  place  the  o  under  the  last  figure  in  the  upper  row  of  multiplication,  and  finish  the 
line  in  the  ordinary  way.  Rejecting  every  time  one  figure  from  the  multiplicand,  in  the 
nAzt  row  multiply  the  4  into  the  5,  carrying  3  (for  4  times  7  are  28 ;  4  timed  6  are  24,  and 
3,  26 ;  and  26  is  nearer  30  than  to  20,  so  carry  3).  In  the  next  row,  for  a  similar  reason, 
3  has  likewise  to  be  carried,  and  multiplying  5  into  4  Hnd  carrying  3,  we  obtain  23.  In  tho 
last  row,  6  times  4  is  24,  of  which  the  2  only  is  set  down.  These  rows  added  together  as 
they  stand  ^ill  give  the  required  product  correct  to  5  decimal  pUced. 


Ex.  3.    Multiply  -007853  by  -00476,  re- 
taining sMWi  places  of  decimals. 

•0078530 
67400*0 

314 
5S 

4 


-0000373 


Ex.  4.    Multiply  '00579  by  3796*8  retain- 
ing/owr  decimal  places. 

•0057900 
86973 

173700 

40530 

5211 

347 

46 


21  9834 

The  foUowiDg  multiplications  have  the  proper  arrangement  and  result  given. 
Ifo  decimal  places  means  that  the  whole  number  of  the  result  is  required, 
without  fractions. 


MnltipUeation  required. 

No.  of 
Decimals 
retained. 

Arrangement  of 

M  Itiplier  and 

MulUplicand. 

Beenlt. 

a5'54545  X  13*2436 
36377 1  X  9*99339 

19-081137  X  5*3*36 
•0699268  X  •9975641 

13763819  X  0-5877853 

753554*'  X  7*986355 
1*2799416  X  '6156615 

26-57032  X  47*6314 

three 
three 

two 
seven 

one 

none 

seven 

four 

i  25*545454  \ 

}      6h»'3«/ 

I36-377M 

I  9^999/ 
(  19*081137  \ 

\       63  325  i 

(   -0699268  \ 

\  1*46579901 
(1376381901 

I  358778500/ 

i  753554*1) 

\  553689  7  f 
( 1-2799416  1 

15166516-0/ 
(  2657032  \ 
\   4'3674« 

338-3'4 

363*529 
998630 

•0697565 

809017*0 

6018x50 

-7880108 

1265-5815 

Where  the  figures  of  the  multiplier  extend  to  the  left  of  the  multiplicand,  continue  as  long 
as  there  is  either  multiplication  or  carringe.  Thus,  in  the  second  example,  the  first  9  of  the 
arranged  multiplier  has  no  figure  above  it ;  but  the  CHrriui^e  from  the  3  (9  X  3  =:  27)  ii 
ikrm  tsoi,  and  three  must  he  written  under  the  right-hand  column  oi  the  preceding  lines. 
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Contracted  Division  of  Decimals. 

RULE  XLTX. 

Proceed^  as  usual^  until  the  number  of  (\yx.oi\&iit  figures  remaining  to  he  found  does 
not  exceed  the  number  of  figures  in  the  divisor.  Then  instead  of  annexing  a  cypher, 
or  bringing  a  figure  doum  from  the  dividend,  cut  off  the  last  figure  of  the  divisor ; 
that  isy  do  not  employ  it  except  to  carry  fromy  as  in  the  last  rule.  See  how  often 
this  abridged  divisor  is  contained  in  the  remainder ;  multiply,  carrying  from  the 
figure  cut  off;  find  a  new  remainder ;  cut  off  another  figure  from  the  divisor,  and 
repeat  the  process  until  all  figures  of  the  divisor  are  cut  off.  When  the  abridged 
divisor  is  not  contained  in  the  remainder,  cut  off  a  second  figure  from  the  divisor, 
put  a  csyjiher  in  the  quotient,  and  proceed.     We  subjoin  a  detailed  example. 

Examples. 

Ex.  I,  To  divide  *  1299494  by  9915206  as  fiar  as  nine  decimal  places.  The  first  quotient 
figure  being  a  decimal,  and  there  being  seven  places  in  the  divisor,  two  quotient  figures 
must  be  found  by  the  usual  method ;  after  which,  the  process  as  explained. 

Divisor,  afterwards 
abridged.     Dividend.      Quotient. 
9915206  )  12994940  (  •131060717 
9915206 


30797340 
29745618 

991520  6  1051722 


99»52» 


99152  06   60201 
9915  206 


5949» 

991  5206   710 
99  15206 


694 

9  915206  16 

10 

9915206  6 
6 


Out  off  the  6,  reserving  it  to  carry  from 
991520  is  contained  in  105 1722  once ; 
one  6  is  6,  nearest  ten,  one  ten,  carry 
one.    The  rest  as  usual. 

Figure  to  carry  from,  o ;  99 152  not  con- 
tained in  60201,  cut  of  another  figure 
from  divisor,  and  put  o  in  quotient. 
Figure  to  carry  from,  2 ;  9915  con- 
tained in  60201,  six  times.  8ix  times 
2  is  12 ;  nearest  ten,  one  ten,  carry  i. 
Six  times  5  is  30,  and  i  is  31.  The 
rest  as  usual. 

991  not  contained  in  710;  cut  off  one 
more  figure,  and  put  o  in  quotient, 
carrying  figure  i ;  99  contained  in  7 10, 
seven  times.  Seventimes  lis  7,  nearest 
ten,  one  ten,  carry  one.  Seven  times  9 
is  63,  and  i  is  64.    The  rest  as  usual. 

Carrying  figure  9.  Divisor  9,  contained 
once  in  16.  Once  9  is  9 ;  nearest  ten, 
one  ten,carry  one.  Once  9  is  9  and  i  is  i  o 

No  divisor,  carrying  figure  9.  What 
number  of  times  9  will  carry  6,  or  be 
most  nearly  60  P  Seven  times  9  is  63, 
put  7  in  the  quotient,  and  carry  6; 
which  finishes  the  process. 
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Ex.  3.    Let  it  be  required  to  divide  3  by  '643258  tojttid  places  of  decimalfl. 
'643528)3  ooooo(-466i8 

In  this  case,  as  there  are  more  figures  in  the  divisor  than 
are  required  in  the  quotient,  we  may  at  once  cut  off  the  8, 
the  extreme  right-hand  figure  of  the  divisor,  earrying^ 
however,  from  the  multiplication  of  4  into  8,  and  saying 
4  times  8  is  32,  carry  3 ;  4  times  a  is  8,  and  3  is  1 1,  &c. 


2574 1 1 

42^89 
386 1 1 


3978 
3861 

117 
64 

53 
5» 


£z.  3.    Let  it  be  required  to  divide  -197241937  by  '254  correctly  to  five  places  of  decimals. 

Li  this  case  we  shall  not  be  able  to  use  the  contracted  form  at  first,  as  there  are  fewer 

figures  in  the  divisor  than  are  required  in  the  quotient.    We  must,  therefore,  perform  the 

first  three  rows  of  division  in  the  ordinary  way,  or  we  should  not  obtain  five  figures  in  the 

quotient ;  after  that,  instead  of  bringing  down  more  figures^  we  can  proceed  in  the  last  two 

TOWS  by  the  contracted  method. 

•a54)*i97»4i937('77654 
1778 


1944 
1778 

i66z 

'5»4 

'37 
"7 

10 

10 

ExAMPTiTO   FOB 

PBAcnoi. 

No. 

Dividend. 

Divisor. 

No.  of  decimals 
to  be  retained. 

z. 
a. 

z 
z 

3-i4i59»65 
3-7182818 

7 
7 

3- 

4- 

7- 
8. 

9' 
10. 

3992-9 
171-8 

•a73 
'000820a 

z'6866591 

85*641825 

6001-58373 

7-2117562 

5»'7777i 
414487636 

74*5*9 
'67272804 

'4471618 

6-321 

i73»*5o8 
aa5743» 

5 

9 

% 

5 
5 
5 
5 

Qaotient. 
•3183099 

•3678794 
57*80347 
•414487636 
'003663004 
•001 21922 

377 '9» 

'    13*54909 
3-46410 

3*'9467 

1 32.  When  the  divisor  itself  contains  more  places  than  are  required  in  the 
quotient,  as  many  places  may  be  cut  from  the  right  as  will  make  the  two  the 
same ;  and  the  dividend  may  be  out  down  in  the  same  way  until  no  more 
places  are  left  than  will  give  one  figure  in  the  quotient,  to  the  abridged 
divisor,  remembering  the  rule  for  increasing  the  last  fig^ure.  Thus  *  1648267 
-f-  '7263,  to  two  places  only,  may  be  found  from  '  16483  -7-  73,  by  the  rule 
exemplified  above. 

133.  Both  in  the  multiplication  and  division,  it  is  the  best  to  retain  one 
more  place  than  is  absolutely  required  to  be  fonreti 
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EEDUCTION. 

144.    The  great  convenience  of  decimals  makes  it  often  desirable  to  reduce 
vulgar  fractions  to  the  decimal  form. 

To  reduce  a  vulgar  fraction  to  a  decimal. 

We  have  to  change  the  fraction  to  another  equivalent  fraction  whose  denominator  is  of 
the  form  10,  loo,  1000,  &o.  To  do  this  we  multiply  the  numerator  and  denominator  of  the 
fraction  by  10,  100, 1000,  &c.f  as  may  be  necessary  {i.e.  we  add  a  certain  nnmber  of  cyphers, 
the  same  to  each) ;  we  then  divide  the  numerator  and  denominator  by  the  original  denomi- 
nator. These  operations  will  not  alter  the  valne  of  the  fraction.  If  the^  numerator,  by  the 
addition  of  the  cyphers,  becomes  divisible  by  the  denominator,  without  remainder,  the 
required  decimal  is  found ;  if  not,  a  circulating  or  recnrring  decimal  is  produced,  as  is  shown 
in  the  following  examples : — 

Examples. 

Ex.  I.    To  reduce  f  to  a  decimal. 

I  =  I8S$ -r  8  =  im  = -625. 
Here  we  multiply  numerator  and  denominator  by  1000  and  divide  them  by  8.    The 
resulting  fraction  -fi^  represented  as  a  decimal  is  '625. 

Ex.  a.    To  reduce  Hi  to  a  decimal. 

m = amu  -  -wm = •i9««- 

Here  we  multiply  numerator  and  denominator  by  loooo,  and  then  divide  them  by  62$. 
The  resulting  fraction  iVftV  represented  as  a  decimal  is  '1968. 

6a5)ia30ooo('i968 

625 

The  work  is  shortened  thus : — ^We  put  doim  the  numerator 

123  as  dividend,- and  denominator  62$  as  a  divisori  and  adding 

cyphers  as  often  as  required,  we  obtain  as  a  q[uoti6nt  the 

significant  digits  of  the  decimals ;  and  the  number  of  cyphers 

added  to  the  dividend  will  be  the  number  of  places  to  be  marked 

off  in  the  question. 


4150 
3750 

5000 
5000 


Hence,  to  convert  vulgar  fractions  into  decimals,  we  proceed  by  the  follow- 
ing rule.  '  -,  ■  / 

RULE  L. 

Annex  a  cypher  to  the  numerator^  and  then  divide  hy  the  denominator:  if  there 
he  a  remainder^  annex  another  cypher^  and  continue  the  division,  still  annexing  a 
cypher,  either  till  the  division  terminates  without  a  remainder,  or  tiU  as  many 
decimals  as  are  considered  necessary  are  obtained;  the  quotient,  with  a  decimal 
point  btfore  it,  will  be  the  value  of  the  fraction  in  decimals. 

EZAMFLSS. 


Ex.  I.    Reduce  i  to  a  decimal  fraction. 


o*a 


Dividinsr  10  by  -5  (the  cypher  being 
ndded)  we  find  that  J  ~  o-i.  That  i  =  ca 
is  ea.silv  proved,  for  J  rr  JS ;  consequently, 
by  dividing  both  the  mimorHtor  and  denomi- 
nator by  St  ^^  1^^*  i  =  A  =  '3. 


Ex.  a.    Convert  |  into  a  decimal  fraction. 

8)3*000 

•375 


That  I  =  -375,  is  proved  thus,  f  =  fjg« ; 
consequently,  dividing  the  numerator  and 
denominator  by  8  (the  denominator  of  the 
fraction;,  we  have  }  =1  -AVtr  =  *375* 


Ikcimdl  FradUmi. 
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Sz.  3.    EiittMe  A,  /r,  and  ^  as  deoimali. 

4)7*0000 


16 


4)1-7500 


64 


•4375  -4«*- 


^  —  ilffTa  —  A 


64 


8)5*0000 
8)  -6250 

'0781 35  .^tlM. 

8)9'oooo 


8)1*125000 


*  140625  Ant, 


It  18  Bometimes  necessary  to  refer  to  the  rule  for  Division  of  Deoimals  in 
order  to  determine  the  position  of  the  decimal  point,  thus : — 

Ex.  4.    CooTert  fU  to  a  dedxnal. 

5i3)3i3*ooooooooo('6i  1328125  Am, 
307a 

580 
5" 

680 
5" 


1680 
1536 

1440 
1024 

4160 
4096 

640 
5" 

1280 
1024 


The  nme  ezampl«  might  haTe  be«n  worked 
as  follows : — 


«)3»3' 


5" 


8)  39"5 


8)    4*890625 


'611328125  Am, 


3560 
2560 


145.    Sometimes  the  division  will  not  terminate,  but  the  same  figures  will 
be  repeated  over  again  continually. 


Ex.  5.    Bedace  }  to  a  decimal  fraction. 
3)1*0000 

•3333»  *c.,  =  } 


Ex.  6.    Bedaoe  -A*  to  a  decimal  fraotion. 
11)6*00000 

•545454»  Ac- 


In  these  examples  the  fractions  cannot  be  txaetlff  reduced  to  decimals,  for  there  will 
continue  to  be  a  remainder  after  each  division  as  long  as  we  continue  the  operation  of 
division.  In  the  first  the  remainder  is  always  i,  and  in  the  other,  after  obtaining  the  first 
two  figures  in  the  quotient,  the  remainder  is  the  same  as  the  given  numerator,  and  the  next 
two  figures  are  the  some  as  the  first  two,  when  the  same  remainder  recurs  again.  The 
same  remainders,  and  consequently  the  same  figures  in  the  quotient,  will  thus  continually 
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Ex.  7.    Bedace  ||  to  a  decimal. 

{4)25-00 

9)  6-25 

'6^444,  &c. 


Hence  if  =  '694  which  is  called  a  mixed 
rieurring  or  eircuiuting  decimal,  consiBting  of 
the  non-recurring  pi^  69  and  the  recurring 
part  444,  and  usually  written  with  a  point 
or  dot  above  the  figure  which  is  repeated. 


Ex.  8.    Reduce  "A-  to  a  decimal. 

2)3'00O 

7)1*500 


•2142857 


Hence  A  =  '3142857 ;  the  recurring 
part  142857  haying  a  point  above  its  first 
and  last  figures  being  called  its  period.  If 
the  whole  decimal  recurs,  it  is  called  a  pure 
eireuiUUor, 


146.  Decimals  of  this  kind,  in  wluch  the  same  figures  are  continually 
repeated  without  end,  are  called  Circulaiingi  Repeating^  or  Recurring  Decimals  ; 
and  the  part  of  the  decimal  which  is  repeated  is  called  the  Period^  or  RepcUnd, 

Examples  fob  Fraohcb. 
Beduce  the  following  vulgar  fractions  to  decimals : — 

'•     "nr>  TSt  Ta7»  taT>  T»T»  TZi*  TSt  ^^^  *^' 

Find  the  circulating  periods  arising  out  of  the  following : — 

a.    h  h  A,  A,  ifc  h  <-,  Uf  W,  vh,  and  «. 

3»    A»  Ht  rffj  icVsr»  ttAti  ^fiv*  uWt»  A»  and  27^. 

147.  When  a  vulgar  fraction  can  be  exactly  expressed  by  a  decimal  it  is 

said  to  be  terminate^  or  finite  ;  but  when  it  cannot  be  exactly  expressed  by  a 

decimal  it  is  said  to  be  interminate^  or  infinite. 

The  term  infinite  does  not  refer  to  the  value  of  the  fraction,  but  only  to  the  number  of 
decimal  figures  required  to  express  ils  value. 

148.  It  becomes  important  to  observe  what  fractions  will  produce  termi- 
nating decimals.  Suppose  a  fraction  in  its  lowest  terms ;  then  in  reducing 
it  to  a  decimal  we  multiply  the  numerator  by  10,  100,  1000,  &c.  Now  the 
numerator  contains  no  factor  common  to  the  denominator,  and  by  this 
multiplication  we  introduce  the  factors  2  and  5  as  often  as  we  please,  and  no 
others.  Unless,  then,  the  denominator  contains  no  other  factor  except  twos 
and  fives,  this  multiplication  cannot  render  the  numerator  divisible  by  it. 
Hence  the  only  fractions  which  will  produce  terminating  decimals  are  those 
whose  denominators  contain  only  2  and  5  as  prime  factors.  All  other 
fractions  will  produce  Circulating  Decimals  where  the  number  of  figures  in  the 
recurring  period  will  he  less  than  the  denominator. 

149.  To  explain  the  reason  of  the  occurrence  of  the  figures  of  the  quotient  in  the 

same  order,  when  reducing  a  vulgar  to  an  interminate  decimal  fraction. 

In  attempting  to  reduce  a  vulgar  fraction  to  a  decimal,  the  remainder  of  each  step  of  the 
division  must  always  bo  Ifss  than  the  divisor,  t.f.,  than  the  denominator  of  the  vulgar 
fraction ;  and  the  number  of  remainders  different  from  each  other  which  can  arise  can  only 
be  a  number  less  than  the  units  in  the  divisor.  If,  therefore,  the  remainder  never  become 
o,  by  carrying  on  the  division  fur  enough  one  remainder  must  occur  again,  and  as  a  cypher 
is  added  to  every  remainder^  when  tho  dividend  becomes  the  same  as  has  occurred  before, 
the  quotient  wiU  necessarily  be  again  the  same,  and  the  process  from  that  point  will  be 
ffipeattd. 
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Example. 
FiT.    Reduce  ^  to  a  decimal  fraction. 

7)i-o 

•142857 


nemainders    326451 

Now  wa  observe  that  we  have  obtained  every  possible  remainder  except  o,  ooniequentlj, 
the  remainder  after  the  next  step  must  be  either  o  or  one  of  the  remainders  that  have 
occiiXTed  already.  The  next  remainder  being  3,  the  whole  process  will  reoor  again  horn. 
tho  beginning,  and  we  have  }  =  142857 142857,  &o. 

I  JO.    Circulating  Decimals  are  of  two  kinds,  viz. : — 

1.    Pitre  Circulating  BeeimdU^  i.e.,  those  whicli  recnr  from  the  beginning; 

Thns,  -444,  &c. ;  '232323,  &c. ;  '040904090409,  &c.,  which  are  respectively  written  thos, 
•4.  Zh  0409- 

8.     Mixed  Circulating  BecimaU^  i.e.,  those  which  do  not  begin  to  recur  till 

after  a  certain  number  of  figures ; 

Thus,  '153434341  &c. ;  '342555,  &c. ;  •314200910092009,  &c.,  which  are  respectively 
written  '2534,  '3425,  3142009. 

151.    To  reduce  a  circulating  decimal  to  an  equivalent  vulgar  fraction. 

Let  it  be  reqnirei  to  convert  *57  into  a  vulgar  fraction.  Ilcmembering  that  we  efifect  the 
mnltiplication  of  a  decimal  by  10,  by  100,  &c.,  by  shifting  the  decimal  place  i,  a,  fta^ 
places  towards  the  right  hand,  we  may  say — 

Let  F  denote  the  true  value  of  the  equivalent  fraction. 
Then  F  =  '575757,  the  period  57  being  supposed  continued  ad  injinitum. 
If  we  multiply  F  by  100,  and  also  the  decimal  by  100,  the  results  will  still  be  equaL 

Hence,  100  F  =  STSISI*  ^o* 
The  decimal  point  being  moved  two  places  to  the  right,  and  the  period  57  being  stiU 
oontinned  ad  infinitum^  on  the  right  of  the  decimul  point  as  before. 

But  F  =  'SlSlSlf  &o- 
Now  the  difference  of  100  F  and  F,  1.0.,  99  F  must  be  equal  to  the  difference  of  the  decimals 
to  which  they  are  respectively  equal.    Now  this  difference  is  57 '5757,  &c.,  —  '575757*  &C., 
or  57,  because  the  infinite  recurrence  of  the  decimal  part  is  the  same  in  each  decimal,  and 
therefore  vanishes  when  the  subtraction  is  performed. 

Hence,  100  F  =  57*575757.  &c- 
and  F  the  fraction  required  =  {}  =  i|* 
This  is  a  case  of  a  pure  circulating  decimal,  in  which  there  is  no  non-recurring  part. 
We  shaU  next  take  a  case  of  a  mixed  circulating  decimal.    To  find  the  vulgar  fraction 
equivalent  to  '34567. 

Denoting  the  true  value  of  the  equivalent  fraction  by  F,  we  have  F  =  '34568568568,  fto.i 
the  period  568  being  supposed  to  be  continued  ad  injinitum. 
If  we  multiply  F  by  1 00000,  and  also  the  decimal  by  1 00000,  the  results  wiU  still  be  equal. 

Henco,  looooo  F  =  34568*568568568. 

The  decimal  point  being  removed  five  places  to  the  right,  and  the  period  being  still 
continued  ad  injinitum  on  the  right  hand  of  tho  decimal  point  as  before. 

Similarly,  100  F  =  34-568568568. 
Now  the  difference  of  1 00000  F  and  100  F, «.«.,  99900  F  must  be  equal  to  the  difference 
of  the  decimals  to  which  they  are  respectively  equal.    And  this  difference  is  34568  —  34, 
because  the  infinite  recurrence  of  tho  period  56g  on  the  right  hand  of  the  decimal  point  if 
the  same  in  each  decimal,  and  therefore  vanishes  when  the  subtraction  is  performed. 

Q 
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Hence,  99900  F  =  34568  —  34,  and  F,  the  fraction  required,  =  ^SJ(ro*  =  WHJ» 
This,  being  reduced  to  its  lowest  terms,  is  the  fraction  required. 

Now,  let  it  be  carefully  observed  how  each  part  of  this  fraction  has  arisen.  The 
numerator  is  obtained  by  writing  the  figures  of  the  decimal,  as  far  as  the  end  of  the  first 
period,  without  tbe  decimal  point,  and  then  subtracting  from  the  number  so  obtained  the 
figures  that  occur  before  the  period,  or  it  is  usually  called  the  non-recurring  part.  The 
denominator  99900  results  from  subtracting  100  (».«.,  10  raised  to  the  same  power  as  the 
nnmber  of  figures  in  the  non-recnrring  part)  from  1 00000  (t.e.,  10  raised  to  the  same  power 
as  there  are  figures  in  the  non-recnrring  part  and  period  together). 

This  snbtraction  will  necessarily  produce  a  nnmber  99900,  containing,  that  is  to  say,  as 
many  nines  as  there  are  figures  in  the  period,  and  as  many  cyphers  as  there  are  figures  in 
the  non-recurring  part  and  period  together. 

152.  From  the  foregoing  we  obtain  the  following  practical  rules  for 
converting  a  circulating  decimal  into  its  equivalent  vulgar  fraction. 

1.  In  the  case  of  a  pure  circulator. 

EULE  LI. 

Put  the  recurring  period  for  the  numerator,  and  a  number  expressed  hy  as 
many  nines  as  there  are  digits  in  the  recurring  period /or  the  denominator,  and 
reduce  the  resulting  fraction  to  its  lowest  terms. 

Note.— The  fraction  is  only  reduced  to  its  lowest  terms  for  the  sake  of  exhibiting  it  in  its 
simplest  form.    It  is  not  of  course  actually  necessary  so  to  reduce  it. 

EZAMFLB. 

Ex.  Reduce  the  following  pure  circulating  decimals,  3,  27,  '357142,  to  their  respectiye 
equivalent  vulgar  fractions. 

3  =  *  =  i  -4>M. 

•857i4i  =  mm  =  A^W:  =  f~fg^  =  ♦  Am. 

2.  In  the  case  of  a  mixed  circulator. 

EULE  UI. 

From  the  circulating  decimal  written  as  a  whole  number  subtract  the  figures 
which  do  not  recur,  and  place  the  remainder  for  the  numerator  of  the  vulgar 
fraction  ;  and  for  the  denominator  as  many  nines  as  there  are  recurring  fig^ures, 
followed  hy  as  many  cyphers  as  there  are  non-recurring  figures  ;  and  reduce  the 
fraction  to  its  lowest  terms. 

Example. 

Ex.  Reduce  the  following  mixed  circulating  decimals,  '14,  *oi3g,  '2412,  and  2*57893,  to 
their  respective  equivalent  vulgar  fractions. 


'H  =  -^^  =  i*  Ant. 


_.i4  — t^ 
•0138  =  '^L^'^  =  Al%  An», 


gooo 


9990 


2-57893 = a5S^^' = ^am = >H«t = »«» -<b* 
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"5 


I. 

3- 

4- 

5- 
6. 


Examples  for  Pbactics. 
Seduce  to  their  equivalent  vulgar  fractions :  — 

J>7»'7»i63.  7-    ai'oooaos,  52-314159.  13. 

'1*i '^  90, 'S6'  8.    3010163, -052100.  14. 

•ooS,  "083, '1^5.  9.     105769236, '984615^.  15. 

10.  -60714285,  23428571.  16. 

11.  2000*09085,  7030*82.  17. 

12.  106-908O9,  '51413.  18. 


7'4g,  106  09,  10-5. 

•4»6>3,  3''4i6- 
357-003129,  27-5238. 


•i3357664. 

-600100999899. 

2*00142857. 

10-000142857. 

1-00210526315789473684. 

-6588235294117647. 


19.     * 1509433962264. 


20.     -6344827586206896551724137931. 


153.  As  a  general  rule,  all  sums  involving  circulating  decimals  may  be 
worked  out  by  reducing  the  decimals  to  their  equivalent  fractions,  and  after 
performing  the  required  operations  on  the  fractions,  reducing,  if  necessary, 
the  result  back  to  a  decimal.  This  is  the  only  method  in  some  cases,  but  the 
labour  of  it  can  generally  be  saved,  as  we  will  now  show. 

ADDITION. 

1 94.  In  most  practical  cases  it  is  sufficient  to  take  the  decimals  to  6  or  7 
places  of  figures.  To  ensure  accuracy  to  6  places  it  is  better  to  take  8  figures 
in  the  decimals,  as  there  may  be  something  carried  from  the  8th  and  7th 
places  so  as  to  affect  the  6th  place. 

If  the  recurring  period  of  the  sum  is  required,  we  must  put  down  the  figures 
of  each  decimal  to  be  added  till  the  vertical  columns  of  figures  begin  to  recur. 

Example. 


Ex.    Add  together  3-47 J6>  5*9834,  7»'3^843925« 


3'47 

5-98 
72-36 

81-82 


5675675675^7 
349834983498 

8439»58439»5 
761328394991 


56 

34 
84 

74 


Here  the  fint  two  decimal  places  are  not  recnrring  in  all  the  nnmhers ;  the  column  5,  3, 
S  recoxB  alter  12  figures  of  the  recurring  periods;  two  figures  more  are  used  to  ensure 
accuracy  in  the  last  figures  of  the  recurring  period  of  the  answer.  If  circulating  decimals, 
whose  periods  contain  3, 4,  and  6  figures,  respectively,  are  to  be  added,  the  period  of  the  sum 
will  generally  contain  la  figures  (la  being  the  L.C.M.  of  3,  4,  and  6). 


SUBTRACTION. 
155.     Exactly  the  same  observations  will  apply  as  in  addition. 

Example. 
Ex.    From  32-5^83  take  i4*3784J. 


32-568 
J4*378 

18*189 


368368 
454i45 

913822 


36 
45 

9' 


li6 
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MULTIPLICATION. 

156.    When  only  me  of  the  decimals  is  a  recurring  decimal,  we  proceed  as 
follows  :— 


Ex.    Multiply  '3545  1>7  3*5- 


Example. 


•35455455 

3*5 


I 

10 


77» 
636 


77»75 
6365 


1*240940 
Ans,  I '2409. 

Here  we  take  a  sufficient  number  of  figures  to  be  quite  sure  of  obtaining  the  recurring 
periods  in  each  line  of  the  multiplication,  and  add  as  before.  The  product  will  generally 
have  the  same  number  of  figures  in  its  recurring  period  as  the  multiplicand. 


DIVISION. 

157.  When  only  the  dividend  is  a  recurring  decimal  we  may  proceed  as 
in  reducing  a  fraction  to  a  decimal.  We  must,  however,  continue  the  division 
till  not  only  the  remainder  recurs,  but  the  next  figure  brought  down  to  that. 


Ex.    Divide  '3745  by  a'5. 


EXAMFLB. 


a'5)'3745('i498i 
^5 

124 

100 

245 
a»5 

304 

300 

45 
*5 

30 


158.  Multiplication  and  Division  of  Circulating  Decimals  may  be  per- 
formed, as  above,  by  carrying  out  the  repetend ;  but  these  operations  are 
more  usually  performed  by  reducing  the  decimals  to  vulgar  fractions,  then 
multiplying  or  dividing,  as  in  vulgar  fractions,  and  reducing  the  results  once 
more  to  decimals. 
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EZAHPLSB. 
Ex.  I.    Multiply  2*34  by  5*4. 


3 

TheTalneof  a-34  X  5-4  =  *-^*  X  5'*=  ^  X  §  =  W=  "If- 

"         S 

Ex.  a.    Multiply  107*223  by  '01431. 

The  value  of  wyiii  X  01431  =  ?2?fi^»  x  '^^  «  ii») 

1869  13 

=  ^W  >*  S  =  *****  =  '***  =  i-534«559<57078i893004"5»>63374  Jm*. 
9  2700 

K.B.— The  latter  part  of  the  aboTe  example  fomisheB  a  good  illustration  of  ({  145),  thus- 
To  express  ifKi  as  a  deoimal. 

Here,  iHM  =  i^f^  =  T*iT  of  HJF, 


9)12997 


Now,  A»F  =    1*^ 
9x9x3 


•'•  H3  <  9)  '444'i 


3)     160-456790125  45^790123  45^790"3 

53*48559^707  818930041  152266374 

12  o 

We  thus  find  that  HH^  =  53*485596707818930041x5226374. 

• '  •  m^w  =  •5348559^7O7«i893004i  IS^^^ZIA- 

Ex.  3.    DiTide  84*332475  by  12*734. 

The  Talne  of  84-33»476  -r-  "'734  =  ^^^^^^^  -r  ¥«» 
6616  ''^ 

Ex.  4.    DiTide  3*414  by  93*12. 

The  Talne  of  3-414 -r  93'"  =  ^^^^^ -T- ^^^—^  =  VW -r  *»• 

=  ^X|g5=*ir  =  -o36-rfiM. 
100  3 

1 59.    To  reduce  any  quantity  or  fraction  of  one  denominator  to  the  deoimal 
of  another  denominator. 

EULE  TiTTT. 

Beduee  the  number  of  the  lowest  imominaiion  to  a  decimal  of  the  ^ks»t  higher 
iinmimUm^  prefix  to  ihU  decimal  ih$  number  rf  Hi  demmimdwH  givm  in  ih$ 


ii8 
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juettioH,  if  any^  and  reduce  this  aho  to  a  decimal  of  the  next  higher  order ^  and  io 
on  till  all  the  numbers  of  the  given  denominations  are  exhausted,  and  the  decimal  of 
the  required  denomination  has  been  obtained;  the  last  result  will  be  the  answer. 

Examples. 


Ex.  I.    Let  it  be  required  to   express 
178.  5^d.  as  the  decimal  of  ;^i. 

The  process  will  be  first  to  express  the 
fractional  part  of  a  penny  as  a  decimal  of  a 
penny ;  placing  the  5  as  a  whole  number 
before  this  decimal,  to  diride  that  result  by 
12,  in  order  to  reduce  it  to  the  decimal  of  a 
shilling ;  placing  the  17  as  a  whole  number 
before  this  decimal,  to  divide  that  result  by 
30  in  order  to  reduce  it  to  the  decimal  of  a 
pound.    This  will  be  written  as  follows : — 

4)1- 
12)5*25  pence. 

ao) '7*4375  "l^l^g"- 
'871875  of  a  pound. 


It  will  be  seen  from  this,  that  whatever 
we  should  divide  by  in  whole  numbers  in 
order  to  bring  pence  into  shillings,  or 
shillings  into  pounds,  that  we  must  likewise 
divide  by  in  this  case,  only  marking  o£f 
correctly  the  decimal  results. 


Ex.  2.  Let  it  be  required  to  express 
2  owt.  3  qrs.  13*832  lbs.  as  the  decimal  of  a 
ton. 

Dividing  severally  by  28,  4,  and  20,  in 
order  to  bring  pounds  into  qrs.,  qrs.  into 
cwts.,  and  cwts.  into  tons,  the  process  will 
be— 


28 


4)13-832 
7)  3-458 
4)  3*494  qw. 
20)  1-8735  cwts. 
•143675  tons. 


Ex.  3.  Find  what  decimal  of  i  mile 
(nautical)  is  700  feet. 

There  are  6080  feet  nearly  in  the  nautical 
mile ;  hence  i  foot  is  yrf^  of  i  mile,  and 
700  feet  are  ^j^^  of  i  mile,  which  g^ves 
0-115  of  1  mile  nearly. 

6o8o)7oo-o(o-ii5 
6080    - 


9200 
6080 


31200 
30400 


Ex.  4.  Find  what  decimal  of  z  foot  is 
8f  inches. 

First,  f  is  0-75  of  1  inch,  hence  8f  inches 
are  8*75  inches.  Thto  i  inch  is  1^  of  i 
foot ;  hence  8-75  inches  are  ^'^,  or  0*729 
of  I  foot. 

12)8-75 


0*729 


Ex.  5.    Reduce  ;f  23  17s.  6id.  to  the  decimal  ot£^$. 


»5 


4)3*00  fetrthings. 
12)6*75  pence. 
20)17-5625  shillings. 
5)23*878125  pounds. 

5)   4775615 


Here,  dividing  the  3  furthings  by  4,  and  expressing  the 
result  as  a  decimal,  viz.,  *75,  we  replace  the  6{d.  by  6-75 
pence.  Dividing  this  by  12  we  reduce  the  pence  to  shillings^ 
and  17s.  6|d.  is  17*5625  shillings,  and  so  for  the  pounds, 
and  ^25. 


•955"5  of;fi5. 


'^SS^^i' 
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Ex.  6.    What  decimal  of  a  mile  is  3  far.  100  yds.  a  ft.  3  in.  P 

12)3*0  inches. 

3)2-25  feet. 

2ao)ioo-75(-457954  furlongi. 
880 

"75 
1 100 


1750 
1540 

2100 
1980 

1200 

IIOO 

1000 
880 

120 

8)3*457954  furlongs. 


•432144313  mile. 
Annotr  -432  2443  Sg  °^^* 

160.    When  the  above  mle  is  impracticable  because  of  the  occurrence  of 
sereral  terms  in  the  second  given  quantity,  the  following  must  be  used. 

EULE  LTV. 

Expreu  the  first  quantity  a»  a  vulvar  fraction  of  the  second  (§  113),  and  then 
reduce  thie  vulvar  fraction  to  a  decimal. 

Example. 
Ex.    Bednce  as.  9{d.  to  the  decimal  of  7B.  Qfd. 

75 

150 
150 

EXAKFLTM   FOB   PBAOnCB. 

What  decimal  is 

I.    6b.  4d.;  8s.  8)d.;  4s.  7)d. ;  158.  ii|d. ;  19s.  io(d. ;  £1  138.  11^.  i{f.  of;^i. 
a.    3s.  4d.  of  i6s.  8d. ;  7^.  of  as. ;  £4.  os.  6d.  of  ^^7  148. ;  |d.  of  68.  8d. 

3.  3  qrs.  31  lbs. ;   la  cwt.  i  qr.  16  lbs;    14  cwt.  i  qr. ;    10  cwt.  i  qr.  14  lbs. ;    14  cwt.  3 

qrs.  17  lbs.  5  ozs. ;  13  tons  6  cwt.  7  lbs. ;   i  ton  13  cwt. ;  17  tons  18  cwt.  3  j  Iba.  of 
a  ton ;  and  3  tons  la  cwt.  3  qrs.  of  18  tons. 

4.  6  far.  ia7  yds.  of  i  mile ;  1 18*37  feet  (i)  of  a  mile,  (a)  of  a  forlong,  (3)  of  a  yard. 

5.  z  OS.  avoirdnpoise  of  i  oz.  troy ;   13  ozs.  5  drams  7  scruples  19  grains  of  a  pound  and 

of  an  onnoe. 
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6.  Express  la  lbs.  7  ozs.  6  dwt.  11  grs.  troj  in  decimals  of  i  pound  troj;    17  lbs.  15 

ozs.  400  grs.  avoirdnpoise  in  decimals  of  i  lb.  troy. 

7.  5<i  12**  25™  39*92*  in  decimals  of  a  week ;  29^^  ii**  44™  2*82*  to  decimals  of  a  day. 

S.  Redoce  f  of  iV  of  40  yards  to  the  decimal  of  ^  of  2  miles ;  \  of  3}  sq,  yards  to  the 
decimal  of  2  acres  i  rood ;  }  of  4I  hours  to  the  decimal  of  365^  days ;  -^-f^  of  a 
year  to  the  decimal  of  a  day ;  f  f  oz.  to  the  decimal  of  i  lb.  troy ;  3  J  inch  to  the 
decimal  of  \  mile. 

9.  Express  as  decimals  (correct  to  7  places  of  figures)  the  fractions  in  Exs.  5,  6,  and  7, 
page  89. 

161.    To  find  the  value  of  a  decimal  in  terms  of  the  inferior  denominationB. 

RULE  LV. 

1^.  Note  the  number  of  parte  whieh  the  unit  or  integer  of  the  given  quantity 
contains  of  the  next  inferior  denomination^  and  multiply  the  given  decimal  by  this 
number;  the  product  is  the  given  quantity  expressed  in  that  denomination. 

2^  If  this  product  has  a  decimal  part^  multiply  this  decimal  by  the  number  of 
parts  which  the  unit  of  the  present  denomination  contains  of  the  next  inferior 
denomination  to  that  just  before  employed;  this  product  is  the  quantity  which 
the  given  decimal  contains  of  the  next  denomination. 

3°.  Proceed  (if  there  stiU  he  decimals J^  in  like  manner^  to  the  lowest  denomi- 
nation in  which  the  decimal  is  required  to  be  expressed. 


Ex.  I.    Find  the  value  of  ;f '36875. 

;f-36875 
20 


7-37  S«>«>  shillings. 
12 


4'iQ^  pence. 

4 

2*0  fjEurthings. 


Here  we  multiply  the  denomination  pounds  by  20,  to  bring  it  into 
shillings,  we  obtain  7  shillings  and  three  hundred  and  seventy-five 
thousandths  of  a  shilling.  Multiplying  this  '375  of  a  shilliog  by  12, 
to  bring  it  into  pence,  we  obtain  4  pence  and  ^ve-tenihs  of  a  penny. 
Multiplying  '5  of  a  penny  to  bring  it  into  farthings,  wo  obtain  2 
farthings.  In  the  '37500  of  the  line  of  shillings,  and  '500  of  the  line 
of  pence,  the  cyphers  are  crossed  out  as  they  have  no  value. 


78.  4)d.  Ans. 


Ex.  2.    Find  the  value  of  '3945  of  a  day. 
•3945  day. 


14 


15780 
7890 


9*46  set  hours. 
60 


28*08))  minutes. 
60 

4*80  seconds. 


We  here  multiply  the  denomination  days  by  24,  to  find  the  number 
of  hours,  and  then  multiply  the  resulting  decimal  part  of  an  hour 
by  60,  to  find  the  number  of  minutts,  and  again  by  60  to  find  the 
number  of  seconds. 


9^  28"  4'8*  Ant. 
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Ex.  3.    What  is  the  value  of  '615  cwt. 

•625  cwt. 
The  next  inferior  denominator  to  that  of  a  cwt.  is  qrs.  of  which  the )  . 

number  iu  a  cwt.  is    • , j  ^ 

The  next  inferior  denominator  to  qrs.  is  Ihs.  of  which  the  number  in  \  « 

a  quarter  is , • • ) 

2  qrs.  14  lbs.  Ans,  14*0  lbs. 

Ex.  4.    Find  the  number  of  feet  in  o'l  15  of  a  mile. 

©•115 
The  next  inferior  denomination  to  that  of  miles  is  here  feet,  of  which  )    _  ^^ 
the  number  in  one  mile  is •  •  •  • •  •  /    ^ 

230 
920 
6900 

Ans.  (in  the  lowest  denomination  required)    699*430  feet. 

Ex.  5.    Find  the  number  of  inches  and  eighths  in  0*48  of  a  foot. 

0*48 
The  next  inferior  denomination  to  that  of  feet  is  inches,  of  which  the )      w     i 
number  in  a  foot  is j      ^      ' 

5*76  inchM. 
The  next  proposed  inferior  denomination  to  inches  is  eighths,  of)      ^      « 
which  the  number  in  an  inch  is  ....*# • •/ 

6o8.6ight]ii. 
Ex.  6.    Find  the  value  of  "34  of  jf  7. 


•343434 
7 


t     . 


20  Here  the  student  must  be  careful  to  taka  a  tui&deni 

number  of  figures  to  obtain  the  recurring  period  in  each 

8'o8QQ  shillings.  line  of  the  multiplication. 

12 

-96  pence. 

8s.  o*96d.  Am. 


Ex,  7.    What  is  the  value  of  2*045  ^^£^  ^ 

£  2*0466666  &c.  Since  '^  =  f  =  | 

20  .  * ,  ;i'2-046  r=  ;f  204I 

— ■ Or  thus:  £  2'04| 

»•  '093333^0  20 

».o*93} 

d.  11*199984  12 

£1  OS.  ii*i9d.  Ans,  d.  ix'20 

N.B. — When  the  figure  '^  9  "  circulates  by  itself  it  is  usual  to  omit  it,  and  add  x  to  tha 
figure  on  the  left. 


Ul 
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Thus,  '79  is  called  *8 ;  2*9  is  called  3,  &c.,  because 

•79  =  '— =  »  =  A  =  « 

2*9  =  iS  =  2  -f-  '  =  3* 

In  redncingf  such  quantities  as  that  fn  Ex.  7  above,  it  is  often  preferable  to  reduce  tbo 
decizoal  to  a  vulgar  fraction  and  then  find  its  value  by  {  144. 

614 

Thus,  2-046  oi£i  =  ^y^^  of  20s.  =  g  X  ? 

=  ^t^»  =  4oi|8,  =  £^  OS.  1 1  Jd. 

In  reducing  any  given  quantitips  to  the  decimal  of  a  higher  denomination,  a  method 
similar  to  that  used  is  the  rule  of  Practice  may  sometimes  be  conveniently  adopted ;  the 
method  will  be  more  clearly  understood  after  "  Practice  "  has  been  studied ;  meanwhilOi  in 
order  to  explain  the  process,  one  or  two  examples  are  subjoined. 


Ex.  8.    Beduce  19  cwt.  3  qrs.  10  lbs.  to  the  decimal  of  a  ton. 


I  cwt 


19  cwt 
2  qrs. 

1  qr. 
4  lbs. 
4  lbs. 

2  lbs. 


{ 


A 


1  of  I  cwt. 
1   of  2  qrs. 
1  >  of  I  qr. 
1  ^  of  I  qr. 
^  of  4  lbs. 


•05 
»9 


of  a  ton. 


•95 
•025 

•0125 

•0017857,  &c. 

•0017857,  &c. 

•0008918,  &c. 

'9919642,  &c. 


II 
l» 
it 
l» 
l> 
»} 


Ex.  9. 


Beduce  3  weeks  3  days  13  hours  36  minutes  to  the  decimal  of  a  month. 

3  weeks  i 

f  of  3  weeks 
i  of  3  days 
•j^  of  1 2  hours 


3  d*y8 
12  hours 

I  hour 

30  minutes 

6  minutes 


=  '75  of  a  month. 

=  '10714285,  &c. 

=  '0'7857'4»  &o« 
=  '00148809,  &c. 

w.  .  ».^^..»  =r  '00074404,  &c. 

of  30  minutes     =  '00014880,  &c 


\t  of  I  hour 


If 


•87738092,  &o. 


» 


162.    K  the  given  quantity  be  expressed  in  more  than  one  denomination, 
it  should  be  reduced  to  one  before  applying  the  rule. 


Ex.  10.    Find  the  value  of  '07  of  £2.  los. ;  and  of  '7365  of  6s.  8d. 

Here  £%  los.  =  50s.,  and  6s.  8d.  =  8od. 


•07 

3'  90  shillings. 
11 

6'o  pence. 
Atu,  31.  6d. 


•7365 
80 

58-9200  pence. 

Ant,  4s.  1 0*9  id. 
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EXAMFLES   FOB   F&AOTICS. 

Find  the  value  of  the  following  expressions :  — 

2.  '25  cwt. ;  '375  qr. ;  '625  lb. ;  '975  ton  ;  '7768  ton  ;  '24956  ton ;  '0675  cwt. 

3*  '3375  *cro;  •8741b.  troy;   r425dwt. ;  -575  lb.  apoth. 

4.  '472  oz.  apoth. ;  -315  dram  apoth.;  '492  day;  '343  week;  '534  year. 

5.  3*3  days;  -83  mile;  -316  fur. ;  -592  sq.  yd. ;  '43428793  year  (of  365  days). 

6.  9*01  X  50*01  of;f6oo;  2*106  X  '2106  X  '375  of  a  ton. 

7.  Heduce  3*14159265  tons  to  cwt.  qrs.  lbs.  ozs.,  and  to  ozs.  only ;  also  to  grains,  troy. 

8.  '318309886  of  the  semi-circumference  of  a  circle  to  degrees,  minates,  and  secondSi  and 

also  to  seconds. 

9.  '5772 1 3 14987  sq.  mile  in  acres  and  decimals,  and  in  feet  and  decimals. 

10.  '487956324  tons  of  sea  water  in  cubic  feet  and  inches  (35  ft.  =  x  ton). 

11.  Express  the  same  in  gallons  of  277*274  cubic  inches. 

12.  '03125  of  ;f  20  4- '729  of  68.  2d.  4- '7^9  of  ;f»  IS.  3'i* 

'3'    '45of;^i;  '16875  of ^i;  2*36875  of^i;  '0474609375  of;f  10  13s.  4d.;  46*96 of  i  mile 
6  fur.  20  poles ;  i3'275  of  5^  acres ;  2857 14  of  a  cwt. 

163.  Decimals  are  most  frequently  used  to  make  calculations  on  numbers 
that  have  been  obtained  by  observations  of  some  kind,  by  measuring,  for 
instance,  or  weighing ;  and  it  is  very  seldom  indeed  that  the  accuracy  of  the 
set  observations  can  be  relied  on  to  within  one  five-thousandth  part  of  the 
unit  employed.  Now,  if  we  cannot  rely  on  the  measurement  beyond  three 
decimal  places,  it  is  needless  to  carry  the  result  derived  from  it  any  farther. 
In  all  operations  with  decimals,  then,  whether  terminating  or  repeating,  we 
may  usually  stop  at  the  third  or  fourth  place,  and  need  very  rarely  go  beyond 
the  fifth  or  sixth.  We  may,  however,  attain  any  degree  of  exactness  that 
may  be  required,  by  carrying  the  decimal  far  enough,  for  although  any 
number  of  figures  of  a  recurring  decimal  is  not  exactly  equal  to  the  fraction 
from  which  it  arises,  yet  they  are  practically  useful ;  for,  taking  only  6  figures 
in  the  decimal,  the  error  will  not  exceed  one-millionth,  i.e.,  in  a  calculation 
involving  a  mile,  the  error  will  be  less  than  one-tenth  of  an  inch. 

With  respect  to  repeating  decimals,  if  perfect  accuracy  be  necessary,  they 
must  in  most  cases  be  reduced  to  vulgar  fractions  before  they  are  added, 
subtracted,  multiplied,  or  divided.  In  almost  all  the  applications  of  decimals, 
however,  an  approach  to  accuracy  is  sufUcient,  and  this  is  attained  by 
carrying  the  decimal  only  to  a  moderate  number  of  digits,  and  omitting  the 
rest.  If,  in  converting  a  vulgar  fraction  into  a  decimal,  we  stop  after  the 
third  digit,  for  instance,  adding  unity  to  that  digit,  if  the  next  be  5  or 
upwards,  it  does  not  differ  from  its  exact  value  by  more  than  one  five- 
thousandth  part  of  the  unit  employed.  Thus,  '172  differs  from  '172437  by 
'0004372,  which  is  Iss  than  '0005.  Similarly,  '938  differs  from  '98276  by 
'OQ02317,  which  is  abo  less  than  '0005. 
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Miscellaneous  Examples  for  Phacticb. 

X.    Divide  the  sum  of  (1  ii^o'l)'  —  *35)  -^  {'^S  —  7V)  «"•!  Tis  +  6-007  hy  the  difference  of 
f  (i*35  —  '72)  and  50004,  and  express  the  result  as  a  dccimul. 

a.    What  decimal  multipliei  by  125  will  give  the  sum  of  J,  i^^,  f ,  '09375,  and  2*46  ? 

3.  Show  that  718283  is  more  nearly  equal  to  '7183  than  to  *7i82,  and  find  how  much. 

4.  Which  is  the  nearest  to  3*1415,  ^7*,  or  f  35.  and  by  how  much  ? 

5.  From  a  rod  2*078  inrhes  lon^,  portions  are  cut  off,  each  equal  to  '0037  of  an  inch  long, 

find  how  manj  such  portions  can  be  cut  off,  and  what  will  be  the  length  of  the 
remainder  P 

6.  If  a  gallon  contains  277*27  cubic  inches,  and  water  weighs  62*42  lbs.  a  cubic  foot; 

find  the  weight  of  a  pint  of  water. 

7.  Reduce ;f*o2 i  to  the  fraction  of  (I'tfjS.  —  3'2<1.) 

t.    Find  the  value  of  '03125  of  jf  20  +  729  of  68.  2d.  +  729  oi£2  is.  3d. 

9.    Reduce  \H^  and  ^Vr  to  decimal  fractions,  then  multiply  them  together,  and  divide 
the  product  by  '0000075.    Reduce  the  quotient  to  a  vulgar  fraction. 

10.  Arrange  in  order  of  magnitude  -3456,  •'45^,  -34361  'l\s'6*  ^^^  ■3456» 

11.  What  is  the  quotient  of  the  sum  by  the  difference  of  '6  and  '5. 

12.  The  sidereal  year  being  365<*  6*»  9™  9*'6,  and  the  tropical  year  365**  5**  48™  49*'7 ; 

reduce  their  difference  to  the  decimal  of  a  tropical  year. 

13.  The  driving  wheel  of  a  locomotive  engine  5  feet  in  diameter  turned  2500  times  in 

going  6  miles;   supposing  the  circumfeirence  of  a  circle  to  be  3*1416  times  the 
diameter;  find  what  distance  was  lost  owing  to  the  slipping  of  the  wheel. 

14.  The  height  of  the  highest  mountain  is  28000  feet ;  what  decimal  is  this  of  the  earth's 

diameter,  which  is  8,000  miles  ? 

1$.    A  penny  is  '08975  inches  thick ;  find  the  height  of  a  pile  of  1000  pennies. 

16.  The  circumference  of  a  circle  is  vi4r59  times  its  diameter;  find  the  circumference  of 

circles  whose  diameters  measure  13  7  feet,  i'f)6  yards,  and  28*342  miles  respectively. 

17.  A  cubic  inch  of  water  weiuhs  25 2  45 8  grains,  and  the  weight  of  an  imperial  gallon  of 

water  is  10  lbs.  avoirdupoise ;  find  (to  three  places  of  decimals)  the  number  of  cubic 
inches  in  an  imperial  gallon,  there  being  7000  grains  in  the  lb.  avoirdupoise. 

iS.    A  cubic  foot  weighs  445  lbs;  what  does  a  pound  measure  in  inches  ? 

19.  A  gallon  of  water  weighs  10  lbs.  and  measures  277*274  cubic  inches;  what  is  the 
weight  of  a  cubic  foot  and  the  measure  of  a  ton  P 

10.  What  multiplier  will  convert  grains  troy,  to  the  cubic  inch  into  avoirdupoise  pounds 
per  foot  P 

ai.    Reduce  {}}  of  ;C233  9'*  ^^*  to  the  decimal  of  ;^99  3s.  4d. 

12.  It  having  been  calculated  that  the  air-pnmp  of  a  marine  engine  can  lift  8616*96  tons 
of  salt  water  in  6  hours;  by  considering  that  a  cubic  foot  of  salt  water  weighs 
64  lbs.,  what  is  the  error  and  actual  weight  of  the  salt  water  when  the  true  weight 
of  a  cubio  foot  is  64*16875  lbs.  P 

23.  If  a  sovereign  weighs  123*274  grains,  how  many  sovereigns  will  weigh  10  lbs.  8  ozs. 
8  dwt.  5  grs.  P 

34.    Simplify — 

/,\     -17  of  ("o^i?  --  ^53a)  -f  M19  X  *oo7 
*  '  *i7  X  '17 

(2)     (15^8*774396418  +  28*0093  +  23*310005!)  -f.  22*817. 

(3)  [(28  X  6*09  -  31-206  ^  7  +  :^;|-j-  :^;|  -  $  times  33-1474338 + « of  21] 

•f-  { 3  (8-1  X  6-3  -  50-72^  -  -16)  +  (-15+  -25  +  -035)  X  -071  +  5-1685018 } 
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25.  Suppof^ini^  the  Telocity  of  electricity  to  be  288,000  miles  per  second,  and  the  earth's 

circumfnronce  to  be  25000  milen ;  calculate  to  seven  places  of  decimals  the  time  of 
trausmission  of  an  electric  telegraph  to  the  antipodes. 

26.  The  parallax  of  the  star  a  Contauri  is  given  as  o**9r87,  or  Ifths  of  a  second ;  show  by 

how  much  tho  vulgar  fruction  did*ers  from  the  decimal  fraction. 

27.  Water  expands  wh-n  fn'pzinpj  so  that  a  cubic  foot  of  water  becomes  1*089  feet  of  ire ; 

find  how  many  cubic  feet  of  water  there  are  in  an  iceberg  which  is  estimated  to  be 
900  feet  lon^,  S8  feet  broad,  and  220  feet  high. 

28.  A  nautical  mile  is  608266  f  et,  and  an  imperial  mile  is  5280  feet;  express  each  of 

these  miles  as  decimals  of  the  other. 

29.  In  Fahrenheit's  thermometer  there  are  are  180  degrees  between  the  boiling  and 

freezing  points,  in  that  of  Reaumer's  only  80 ;  what  fraction  of  a  degree  in  the 
latter  expresses  a  degree  in  the  former  f 


RECIPROCALS. 

164.  The  quotient  arising  from  the  division  of  unity  by  any  number  is 
called  the  reciprocal  of  that  number.  Thus,  the  reciprocal  of  14  is  'o-]6tj2^f 
or  -j^.     The  reciprocal  of  -5  is  2.     The  reciprocal  of  80  is  'oi  2^. 

The  use  of  reciprocals  answers  the  same  purpose  in  mixed  multiplications 
and  divisions,  as  the  arithmetical  complement  does  in  a  mixture  of  additions 
and  subtractions.  For  it  is  evident,  that  to  mul:iply  by  the  reciprocal  of  a 
number  is  equivalent  to  division  by  the  number  itself;  and,  therefore,  if  we 
have  a  mixture  of  multipliers  and  divisors,  we  may  take  the  reciprocals  of 
the  divisors,  and  thus  convert  them  into  multipliers. 

This  is  nothing  more  than,  for  example,  multiplying  by  |  or  '8  instead  of 
dividing  by  -J  or  1-25.  Large  tables  of  reciprocals  have  been  calculated. 
Those  most  used  in  England  are  Barlow's.  The  tables  of  reciprocals  fire 
very  useful  in  such  cases  as  the  following:— 

To  find  the  decimal  value  of  ^W%-  +  Vo^V- 

The  reciprocal  of  7988  is  '0001251878. 
The  reciprocal  of  3079  is  '0001968892. 

Multiplying  these  by  the  numerators  of  the  fractions,  and  adding  them,  we  have 
•05375075  +  '04569355  =  •099443- 
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PRACTICE. 


1 6^.  Practice  is  a  compendious  niotliod  of  finding  the  value  of  a  number 
of  articles,  when  the  value  of  a  unit  of  any  denomination  is  given. 

Thus  we  may  find  by  this  rule  the  cost  of  1 82  tons  otsu^ar  at  ;^3  15s.  per  ton ;  of  21  sq. 
yards  of  carpet  at  2s.  gd.  per  sq.  foot;  or  30  tons  of  coiil  at  is.  2d.  per  cwt.,  &c. 

KoTB.— It  is  evident  that  all  the  results  obtained  by  Practice  may  also  be  found  by 
Compound  Multiplication,  but  the  former  rule  has  thu  advantage  of  arriving  at  these  results 
by  shorter  methods.  The  rule  of  Practice  does  not  involve  any  principle  beyond  the  rules 
of  Compound  Multiplication  and  Division,  Fractions  and  Decimals.  It  depends  for  its  uso 
on  the  readiness  with  which  the  above  rules  can  be  applied,  and  on  the  dexterity  and  quick- 
ness which  the  calculator  acquires  by  pr.ictice. 

1 66.  The  common  difficulty  of  working  sums  in  Practice  consists  in  finding 
out  what  are  the  proper  fractional  parts  into  which  to  sub-divide  either  the 
money  which  is  the  price,  or  the  quantities  of  the  goods  purchased ;  the  tables 
below  will  supply  this  information.  The  separation  of  the  price j  or  the 
quaniilieSj  of  the  goods  into  the  different  parts  may  be  made  in  a  great 
variety  of  ways,  but  in  a11  of  them  each  of  the  parts  must  be  an  aliquot  part 
of  some  one  which  precedes  it,  and  the  first  is  usually  an  aliquot  part  of  the 
unit  of  the  highest  denomination. 

167.  Def.  An  Aliquot  Part  of  a  number,  or  fraction,  is  a  part  which  is 
contained  in  that  number,  or  fraction,  an  exact  number  of  times. 

Thus,  4  13  an  aliquot  part  of  12,  6  of  18;  los.  is  an  aliquot  part  of  ^r,  for  it  is  J  of  jf  r ; 
28.  6d.  is  an  aliquot  part  of  zos.,  since  it  is  ^  of  103  ;  14  lbs.  is  an  aliquot  part  ot  i  cwt.,  for 
it  in  J  of  a  cwt,  and^o  on. 

The  first  table  contains  the  aliquot  parts  of  ^1,  so  arranged  that  the  simple 

aliquot  parts,  or  the  aliquot  part  of  an  aliquot  part,  may  be  found  at  once  by 

inspection. 
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2     0 
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0     3 
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0    4 
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Here  the  simple  aliquot  parts  of  a  pound,  the  half,  third,  &c.,  are  found  in  the  />/i(-hand 
column,  and  in  the  upper  column  ;  the  aliquot  part  of  an  aliquot  part  is  found  in  the  square 
epposite  io  the  one  and  under  the  other  part ;  thus  opposite  to  eighth  and  under  fourth  ia  found 
li^'f  whioh  shows  that  7^.  is  the  #^Aif  of  a  fowrik  of  a  pound,  m.,  of  $%* 
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The  following  tables  of  aliquot  parts  will  be  found  useful  for  reference : — 

Of  a  sJiillinfj. 


id.   . 

is      .     . 

lAd. . 

aro     .     . 

2d.     . 
3d.     . 
4d.     . 
6J.     . 

fi 
If       • 

Of  a 

pound  troy. 

6  oz.     . 

■         • 

are     .    . 

40Z.     . 

•         • 

f>       •    • 

3  oz.     . 

•         • 

»»       • 

2  oz.     . 

•         • 

»» 

I  oz.  10 

dwts. 

♦1       • 

I  oz.     . 

■         • 

IS        .     . 

Of  an  ounce  iroy. 

10  dwts. 

•         « 

are      .     . 
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are      .     . 

I  rood 

•              ■ 

is       .     . 
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It 

»> 
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r 
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is 
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»♦ 
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(y  a  quarter. 
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0/*  a  pound. 


are 

is 


168.    Practice  may  be  separated  into  two  cases,  Simple  and  Compound. 

I.    SIMPLE  PEACTICE. 

In  this  case  the  given  quantity  is  expressed  in  the  same  denomination  as  the  unit 
whose  value  is  given. 

Under  this  head  will  occur  such  examples  as  the  following : — 

86  cwts.  at  j^3  los.  per  cwt. ;  54  lbs.  at  £i  139.  4d.  per  lb. ;  73  ozs.  at  £$  17s.  6d.  per  oz., 
&c.,  where  the  unit,  whose  value  is  giveny  is  of  the  same  denomination  as  the  quantity  whose 
value  is  required. 

The  rule  for  Simple  Practice  will  be  easily  shown  by  the  following  examples. 

Examples. 
Ex.  I.    Find  the  cost  of  324  articles  at  i6s.  8}d.  each. 

;^324  =  the  cost  of  324  articles  at  ^i  each. 
Therefore — 

The  cost  of  324  articles  at  los.  each  ^  \  their  cost  at  £1  each  ^z£i6i    o    o 

Their  cost  at                         58.  each  =:  ^  their  cost  at  los.  each  :=      8z     o    o 

Their  cost  at                   is.  3d.  each  =  J  their  cost  at  5s.  each  =      20    5    o 

Their  cost  at                         5d.  each  =  J  their  cost  at  is.  3d.  each  ==        6  15    o 

Their  cost  at                        ^d.  each  =  iV  their  cost  at  5d  each  ==        0136 


Therefore 


refore,  by  adding  up  the  vertical  columns,  we  have  their  cost  i /•  ^ 

at  i6fl.  8id.  each   |— ^27013    6 
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The  usual  form  of  writing  the  process  is  as  follows : — 


£^ 

£m 

r—  tho  cost  at 

0 

ear-h. 

\  of 

162 

0 

0  =  the  cost  at 

ics.  od. 

each. 

h  of 

I08. 

81 

0 

0  =  the  cost  at 

53.  od. 

each. 

1  °^ 

58. 

20 

5 

0  =  the  cost  at 

is.  3d. 

each. 

1  of  18 

.  3d. 

6 

M 

0  =  the  cost  at 

o».  5d. 

each. 

rtfof 

5d. 

0 

13 

6  =:  the  cost  at 

OS.  o^d. 

each. 

I08.  = 
5«.  = 

18.  3d.  = 
cd.z 
id.= 

Therefore,    ^^270  13    6  ==  the  coat  at  i6s.  8^.  each. 
Antw$r    £2^0  138.  6d. 

N.6. — In  talcing  the  aliquot  parts  a  little  judgment  should  he  exercised  to  prevent  an 
awkward  quantity  from  remaining  at  last— tf.^.,  we  might  have  taken  the  aliquot  parts  in 
the  above  example  thus : — 

109.  od.  =  J  of  ;f  r. 
68.  8d.  =  Jof;fr. 

We  should  now  have  had  jd.  to  calculate  for.  But  jd.  is  Yio  of  6s.  8d.,  so  that  we  should 
have  been  compellf'd  to  divide  'Mhe  cost  at  68.  8d.  by  160  to  find  the  cost  at  }d. "  This 
would  have  been  a  comparatively  awkward  operation,  and  it  will  be  found  better  to  avoid 
such  remainders  when  it  is  possible  to  do  so.  When  a  remainder  of  this  kind  does  occur, 
however,  it  id  sometimes  easier  to  make  a  separate  calculation  for  it,  thus : — 

324  articles  at  ^d.  each  =:  162  pence  =  138.  6d. 


Ex.  2.    Find  the  cost  of  8794  at  as.  o^d.  each. 

In  this  instance,  instead  of  taking  2s.  od.  =  ^V  of  a  £y  and  a  farthing  =:  ^  of  2s.,  the 
la^t  being  an  inconvenient  divisor,  we  take  is.  8d.  ^  iV  of  ;^,  4d.  =  ^  of  that,  and  a  ^  =  iV 
of  that. 

The  cost  of  8794  articles  at  £1  each  is  ;^8794. 


IS.  8d.  =  tV  of  a  >f 
4d. : 
id.: 


;f8794 


=  the  cost  at         £1  each. 


732  16  8  =  the  cost  at  is.  8d.  each. 
\  of  18.  8d.  ,  146  II  4  =  the  cost  at  4d.  cuch. 
1^  of  4d.         I  932}  =  the  cobt  at         ^d.  each. 


Antwer     ;^888  11     2]^  =  the  cost  at  28.  o^d.  each. 


169.     There  is  another  method  of  finding  the  value  of  a  number  of  articles 
when  the  price  of  one  is  less  than  £iy  thus, 

Ex.  3.    Find  the  cost  of  186  articles  at  7s.  3^.  each. 

The  cost  of  x86  articles  at  is.  each  =  1868.  =  £^  68. 

Therefore,  we  say 

;^9    6    o  =z  the  cost  at  is.  od.    each. 
7 


3d.  =  }  of  18. 
}d.  =  i  Of  3d. 


65  2  o  =  the  cost  at  7s.  od.  each. 
266  =  the  co>t  at  os.  3d.  each. 
079=.  the  cost  at  os.  ojd.  each. 


Anawir    £6^  16    3  ^  the  cost  at  7s.  ^^d,  each. 
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Ex.  4.    Find  the  cost  of  750  articles  9X£ii  iSs.  io}d.  each. 

The  cost  of  750  artideB  at  ^i  each  ^  ;f  750. 

Therefore       £tso 

12 


9000 

08 

.  od. 

=  the  cost  at  £ 

12 

OS 

.od. 

each. 

I08. 

=      of 

£1 

1    ' 

375 

0 

0 

=  the  cost  at 

0 

10 

0 

each. 

6« 

.  8d. 

28. 

=      of 
=      of 

£1 

I  OS. 

250 

0 

0 

=  the  cost  at 

0 

6 

8 

each. 

(• 

.  take  i  of  ;f  375) 

75 

0 

0 

=  the  cost  at 

0 

2 

0 

each. 

2d. 

=  TV0f 

28. 

6 

5 

0 

=  the  cost  at 

0 

0 

2 

each. 

Jd. 

;d. 

=  1  of 

2d. 

I 

IZ 

3 

=  the  cost  at 

0 

0 

t 

each. 

id. 

0 

15 

7i 

=  the  cost  at 

0 

0 

each. 

Answer    ^^9708  11  lo^  =  the  cost  at;^i2  18  lof  each. 

Since  the  750  articles  at  ^i  each  would  obviously  cost  ;^750,  if  we  multiply  that  aom  by 
12  we  obtain  the  cost  at  £ii.  As  los.  is  \  oi£iy  by  dividing  750  by  2,  we  find  the  ooit 
at  los.  Next,  68.  8d.  is  |  of  ;^i,  by  dividing  750  by  3  we  get  the  cost  at  68.  8d.  Next,  we 
see  by  the  table  that  28.  is  i  of  los. ;  hence,  by  dividing  the  cost  at  los.  by  5  we  find  the 

cost  at  28. 

1 70.  If  the  price  be  less  than  a  shilling,  the  best  way  is  to  take  parts  of 
a  shilling  so  as  to  find  the  price  in  shillings,  and  afterwards  reduce  to  ponadfli 
thus — 

Ex.  5.    Find  the  cost  of  10374  articles  at  9{d. 

The  cost  of  10374  articles  at  is.  =  10374s. 

10374s.       =  the  cost  at  is.  od.   each. 


6d.  =  ^  of  IB. 
jd.  =  I  of  6d. 
|d.  =  }  of  3d. 

2,0 


5187    o    =  the  cost  at  os.  6d.   each. 

2593    6    =  the  cost  at  os.  3d.    each. 

648    4^  =  the  cost  at  os.  o|d.  each. 


842,8  10^  =  the  cost  at  os.  9}d.  each. 


^421     8  10  J 

171.  The  following  artifice  may  sometimes  be  employed  to  aimplify  the 
solution  of  questions  in  practice,  viz. — 

Taking  the  price  as  if  somewhat  higher  than  that  which  is  given,  and  sab- 
tracting  a  convenient  aliquot  part ;  thus, — 

Ex.  6.    Find  the  price  Of  218  cwt.  at  £$  i8s.  4d.  per  owt. 

Here  the  given  price,  viz.,  £$  i8s.  4d.  =  ^6,  less  is.  8d. 

Therefore,  find  the  cost  at  £6^  and  subtract  the  cost  at  is.  8d. 

^218  =  the  cost  of  218  owt.  9X£i    o    o  per  owt. 

6 

Therefore,  ^ 

IB.  8d.  =  A  of£i     1308    00  =  the  cost  at  ;f6    o    o  per  cwt. 

Subtracting  <      1834  =  the  cost  at  j^o    i     8  per  cwt. 

Answer     ;^i289  16    8  =  the  cost  at  £$  18    4  per  owt. 

172.  When  the  price  is  an  even  number  ofshiUinffSy  multiply  the  number 
of  articles  by  half  the  number  of  shillings,  cut  off  the  unifs  figure  of  the 
result,  and  double  it :  reckon  this  doubled  fig^ure  as  the  shillings,  and  the 
rest  of  the  result  as  the  pounds  of  the  answer. 

9 
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Ex.  7.    Required  the  cost  of  313  articles  at  iSs.  each. 


313 
9 


Here  the  \  of  i8s.  is  98. ;  then  9  times  3  are  27,  and  doubling 
this  T7e  have  54 ;  54  shillings  are  2  pounds  14  shillings ;  write 
148.  down  and  carry  the  2  pounds :  9  times  i  are  9,  and  2  carried 
are  11;  set  down  i  and  carry  i :   9  times  3  are  27,  and  i  carried 


Atmoer  j^iSi  14 
are  28,  set  down  28 ;  hence  the  answer  ibj^iSi  148. 

173.     When  it  is  required  to  find  the  value  of  a  certain  number  of  things, 
and  a  fraction,  we  proceed  as  follows : — 

Ex.  8.    270^  cwt.  ht£z  13s.  8d.  each. 

Here  the  coat  of  270J  cwt.  at^f  i  each  =z£2^og  =  ;f  270  28.  6d. 

;^27o    26=  the  cost  at  ;f  I    o    o  each. 

2 


108. 

38.  4d. 

4d. 


iot£t 

iOf  108. 
of  3s.  4d. 


540    5 
135     ' 

45    o 
4  10 


o 

3 
5 


the  cost  at  j^i    o  o  each, 

the  cost  at    010  o  each, 

the  cost  at    o    3  4  each, 

the  cost  at    o    o  4  each. 


Answer    ^^724  16    8^  =  the  cost  at  ^2  13    8  each. 


The  above  is  the  most  expeditious  method  of  finding  the  answer,  which, 
however,  might  have  been  obtained  as  follows, — 

Since  270  cwt.  will  cost  270  times     £2  13s.  8d., 

and    i    cwt.  will  cost   i   times  of  ^2  138.  8d., 

it  follows  that  270}  cwt.  will  cost  270  times      £2  13s.  8d.  -{-  i  of  £2  138.  8d. 

Now  270  times  £1  :=  £^1^' 
therefore    ^^270 


I  OS.  = 


38.  4d. 
4d. 


=  4  of  los, 
=  itf  oi  38.  4d. 


540 

IV?     o  o 

45    o  o 

4  10  o 


the  cost  of  270  cwt.  at  ;f  2    o  o  per  cwt. 

the  cost  of  270  cwt.  at     010  o  per  cwt. 

the  cost  of  270  cwt.  at    o     3  4  per  cwt. 

the  cost  of  270  cwt.  at    o    o  4  per  cwt. 


£z.  9. 


724  10    o    =  the  cost  of  270  cwt.  at    2  13     8  per  cwt. 
^  of  ;^2  138.  8d.  =  6     8^  =  the  cost  of   ^    cwt.  at    213     8  per  cwt. 

Anstper    £^24.  16    8}  =  thecostof  27o|cwt.  at    2  13    8  per  cwt. 

256}  ounces  at  ^3  i6s.  11^. 

Here  cost  of  256}  ozs.  at;^i  each  =  j^256  178.  6d. 


los.  =  J  of£i 


£2$^  17    6      =  the  cost  at  £1    o    o    each. 

I  3 


770 

12 

6      =  the  cost  at 

3 

0 

0    each. 

128 

8 

9      =  the  cost  at 

0 

10 

0    each. 

5B.  ^    J    of  108. 

IS.  3d.  =  1  of  58. 

64 

4 

4  J    —  the  cost  at 
ij^    =  the  cost  at 

0 

5 

0    each. 

16 

I 

0 

I 

3    each. 

7jd.  =  J  of  IS.  3d. 
id.  =  Trtr  of  18'  3^' 

8 

0 

6t^  —  the  cost  at 

0 

0 

7i  each. 

I 

I 

4f    =:r  the  cost  at 

0 

0 

I     each. 

£988    8    81V  =  the  cost  at  £3  16  11}  each. 

In  the  last  line  of  division  the  student  must  observe  that  the  id.  is  the  1^  of  is.  3d.,  and 
that  £16  IB.  i^  is  divided  by  15,  instead  of  the  line  immediately  above. 
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1 74.     We  may  sometimes  take  aliquot  parts  of  the  multiplied  quantity 
instead  of  the  original  quantity,  thus — 

Ex.  10.    Required  the  cost  of  324  articles  at  j^7  178.  6d. 

^^324    00  =  the  cost  at  j^i    o    o  each. 


!  2268    00  =  the  cost  at  7     o    o  each. 

178.  6d.  =  J  of  )£'7       283  10    o  =  the  cost  at  017     6  each. 

Answer  ^^2551  10    o  =  the  cost  at  7  17     6  each. 

Here  178.  6d.,  which  is  i  of  £1^  is  |  of  ^7  ;  therefore  divide  2268  hy  8,  the  qaotient  if 
the  cost  at  17s.  6d.  each. 


n.    COMPOUND  PRA.CTICE. 

17^.  In  this  case  of  Practice,  the  given  number  is  not  wholly  (sometimes 
not  at  all)  expressed  in  the  same  denomination  as  the  unit  whose  value  is 
g^ven;  as,  for  instance,  i  cwt.  2  qrs.  14  lbs.  at^z  2s.  per  cwt. ;  19  ton  17  cwt. 
2  qrs.  at  is.  2d.  per  cwt. 

The  rule  for  Compound  Practice  will  be  easily  seen  by  the  following 
examples. 

Examples. 

Ex.  I.    Find  the  value  of  84  cwt.  3  qrs.  14  Ihs.  of  sugar  at  j^i2  i  is.  8d.  per  owt. 
The  method  of  working  such  an  example  is  the  following : — 
The  value  of  i  cwt.  of  sugar  being  ^^12  us.  8d, 

the  value  of  84  cwt.  of  sugar  =  £^^S1    ^    ^ 

2  qrs.  =:  ^  lvalue  of  i  cwt.)  =  65x0 

I  qr.   =  t  (value  of  2  qrs.)  =  3    2  1 1 

14  lbs.  =  I  (value  of  i  qr.)    =  1x15^ 

therefore,  by  adding  up  the  vertical  columns,  ■    

the  value  of  84  cwt.  3  qrs.  14  lbs.  =  ;f  1068    o    2^ 

The  operation  is  usually  written  thus-- 

jfis  II    8    =  value  of  I  owt. 
12 


1057 

0 

0 

— 

value  of  (12 

X7) 

or 

84  cwt. 

0 

qrs. 

olbs. 

6 

5 

10 

— 

value  of 

0 

2 

0 

3 

2 

II 

— 

value  of 

0 

X 

0 

I 

II 

ij 

= 

value  of 

0 

0 

14 

151     o    o    :=  value  of  la  owt. 
7 

TOe7       o 

2  qrs.  =  J  of  I  cwt, 
I  qr.  =  X  of  2  qrs. 
14  lbs.  =:  }  of  I  qr. 

;^io68    02^  =  value  of  84  3  14 

Here,  as  ^12  us.  8d.  is  the  cost  of  i  cwt,  we  multiply  that  sum  successively  by  la  and 
7,  the  factors  of  84,  to  obtain  the  cost  of  84  cwt. ;  then  as  2  qrs.  are  ^  of  i  owt.,  \  of  the  top 
line  will  be  the  cost  of  2  qrs.,  and  as  i  qr.  is  the  ^  of  2  qrs.,  we  divide  the  oost  of  a  qrs.  by  a. 
Next,  14  lbs.  being  }  of  i  qr.,  we  divide  the  value  of  i  qr.  by  }.  The  resulta  being  added 
together  give  the  cost  of  84  cwt.  3  qrs.  14  lbs. 

Ex.  a.    Find  the  value  of  7  cwt.  3  qrs.  x  i  lbs.  at  ;^2  138.  id.  per  quarter. 

The  given  unit  being  a  quarter,  we  reduce  7  cwt.  3  qrs.  to  3 1  qrs.,  and  find  the  value  of 
them  by  multiplying  by  31;  then  to  find  the  value  of  x  i  lbs.,  we  consider  that  7  lbs.  are 
^  qr.,  and  4  lbs.  are  \  qr. ;  so  that,  dividing  £2  138.  id.,  the  value  of  i  qr.,  by  4  and  7,  and 
addinf  np,  we  have  the  value  of  7  ewt.  3  qrs.  1 1  lbs. 


I3« 


Pradtee. 


lo  X  3  +  '  =  3» 


^2  13     I 
10 


7  lbs. 
4  lbs. 


5} 


26  10 

10  =  value  of  10  qrs. 
3 

of  I  qr. 
of  I  qr. 

79  '» 
a  13 

0  13 

0    7 

6  =  value  of  30  qrs. 
I     =  value  of    I 

3J  =  value  of  0 

7  =  value  of  0 

olbs 
0 

7 

4 

Answer    £83    65^  =  value  of  31  qrs.  11  lbs. 
Ex.  3*    Find  the  cost  of  6  cwt.  3  qrs.  7^  lbs.  at  £^  13s.  6d.  per  cwt. 


a  qrs.  =  ^  of  i  cwt. 


I  qr.  =  4  of  2  qrs. 

{4   lbs.  =  t  of  I  qr. 
3^  lbs.  r=  i  of  I  qr. 


£7  13 


6 
6 


=  the  cost  of  I  cwt. 


46 

3 
I 

o 

o 


I 
16 

18 

5 

4 


o      == 

k  = 

9A  = 


the  cost  of 
the  cost  of 
the  cost  of 
the  cost  of 
the  cost  of 


6  cwt.  o  qrs.  o  lbs. 
o  a         o 

010 
004 
o  o         3J 


£5*     6    4A^  =  the  cost  of  6  3  7J 

Heire,  as  £7  13B.  6d.  is  the  cost  of  i  cwt.,  we  multiply  that  sum  by  6  to  obtain  the  cost  of 
6  owt. ;  then,  as  2  qrs.  are  ^  of  i  cwt.,  }  of  the  top  line  will  be  the  cost  of  2  qrs. ;  and  as 
X  qr.  wonld  oost  ^  of  the  cost  of  2  qrs.,  we  divide  the  cost  of  2  qrs.  by  2.  Next,  4  lbs.  being 
•f  and  3I  lbs.  being  ^  of  i  qr.,  we  divide  the  cost  of  i  qr.  by  7  and  8  successively.  These 
resnlts  being  added  give  the  cost  of  6  cwt.  3  qrs.  7^  lbs. 

i  +  H  +  A  =  ^''^'f,^^^  =  ffi  =  n^. 

In  cases  where  there  are  fractional  parts  of  a  penny  remaining  after  division,  it  is  easier 
not  to  redooe  them  to  farthings,  but  to  leave  them  as  fractions  of  a  penny.  If  greater 
accuracy  be  thought  necessary,  the  fraction  in  the  answer  may  be  reduced  to  farthings. 
Thns  the  answer  of  this  example  may  be  written  £52  68.  4d.  3^^* 

[N.B. — If  any  fractional  parts  of  a  farthing  remain,  it  is  better  not  to  write  the  farthings 
as  a  fraction  of  a  penny,  to  be  followed  again  by  another  fraction,  which  is  meant  to 
represent  the  fraction  of  a  farthing.  But  write  the  farthings  as  whole  numbers  of  a  separate 
denomination,  followed  by  their  own  fraction]. 

Ex.  4.    Find  the  cost  of  294  yards  at  88.  9}d.  per  foot. 

Here  the  given  unit  is  a  foot ;  then  since  3  feet  make  i  yard,  294  yards  =  294  X  3  = 
88a  feet;  and  the  cost  of  88a  feet  at  is.  per  foot  =  882s. ;  therefore, 

8828.     =  the  cost  at  is.  od.  per  foot. 
8 


6d. 

it 


il 


of  IB. 

of6d. 
of  3d. 


a,o 


705^ 
441 

220 

36 

=  the  cost  at  88. 

=  the  cost  at  0 
6  =:  the  cost  at  0 
9  =  the  cost  at  0 

od.  per  foot. 
6     per  foot. 
3     per  foot, 
o^  per  foot. 

775i4 

3  =:  the  cost  at  8 

9i  P^  ^<>ot. 

£387  14   3 

The  above  example  might  also  have  been  worked  thus : — 
Binoe  3  feet  =  i  yard,  we  have 

8s.  9}d.  per  foot  =  3  (8s.  9}d.)  per  yard  =  £1  68.  4|d.  per  yard. 

£294    00=  the  cost  at  £1    os.  od.  per  yard. 

73  10    0=  the  cost  at    050    per  yard. 

18    7     6  =:  the  cost  at    o     i     3    per  yard. 

116    9  ==  the  cost  at    o    o    i^  per  yard. 


Therefore, 

5S.=  iof£i 

Id.  =  f  of  58. 
I.  ^  1%  of  IS.  3d. 


IS,  3d. 
lid. 


k 


^387  14    3  s  the  oo«t  at  £1    6    4^  per  yard. 


PraaUce. 


133 


Ex.  5.    Find  the  valae  of  76  sq.  yds.  5  sq.  ft.  log  sq.  in.  at  38.  g^d.  per  sq.  ft. 
Here  38.  9}d.  per  sq.  ft  =  38.  9)d.  X  9}  **^*>  £1  14B.  i^d.  per  sq.  yd. 
Therefore,        £1  14    1}  =  the  cost  of  i  sq.  yd. 


12 


20 


6 
6 


=  the  cost  of  xa  sq.  yds.  o  sq.  ft.     o  sq.  in. 


3  sq.  ft.  = 

I  sq.  ft.  = 

I  sq.  ft.  = 

72  8q.  in.  = 

36  sq.  in.  = 


of  I  sq.  yd. 
of  3  sq.  ft. 
of  3  sq.  It. 
of  I  sq.  ft. 
of  72  sq.  in. 


122    17       0 

=:  the  cost  of  72  sq. 

yds. 

0  sq. 

ft 

0  sq.  in. 

6  16    6 

=  the  cost  of  4 

0 

0 

0  II    4* 

=  the  cost  of  0 

3 

0 

039} 

=:  the  cost  of  0 

I 

0 

039 

=  the  cost  of  0 

I 

0 

0    I  10 

=  the  cost  of  0 

0 

72 

0     0  IX 

=  the  cost  of  0 

0 

36 

Answer    £130  15    3I  =  the  cost  of  76  sq.  yds.  5  sq.  ft.  108  sq.  in. 

1 76.    The  principles  of  Practice  may  be  applied  to  any  Compound  Multi- 
plication sum,  as  in  the  following  examples. 
Ex.  6.    Find  the  gross  weight  of  179  cast  iron  pipes,  each  weighing  2  owt.  3  qrs.  7  lbs. 

The  weight  of  179  pipes  at  i  ton  each  =179  tons. 

tons.  owt.  <1T8.  lbs. 
179     000 


1  cwt.  2  qrs.  =  I  of  I  ton. 

I  qr.    7  lbs.  =  I  of  2  cwt  2  qrs. 


22    7     20  =  weight  at  2  owt.  2  qrs.  o  lbs.  each. 
2  15     3  21  =  weight  at  o         i         7        each. 


Antwer        25    3      i  21  =3  weight  at  a 
Ex.  7.    Multiply  3  tons  7  cwt  3  qrs.  by  4793. 

tons.    cwt.  QT8. 

4793     o    o 
3 


each. 


5  cwt. 
2  cwt.  2  qrs. 
I  qr. 


51 


of  I  ton. 
of  5  cwt. 
of  2  cwt^a  qrs. 

Amwer 


X4379    0 

0 

1198    5 

0 

599    a 

a 

59  18 

I 

16236    5    3 

Ex.  8.    A  bankrupt  owes  £3600  and  pays  12B.  6id.  in  the  £,  what  is  the  value  of  hiB 
assets? 

This  means  that  for  every  £  he  owes  he  can  pay  only  las.  6^. ;  here  then  we  haye  to 
find  the  value  of  12s.  6\^,  X  3600,  which  must  have  been  the  value  of  his  whole  estate. 
If  he  paid  20s.  in  the  £  his  assets  would  be  worth  £3600. 


Therefore, 


I  OS 

2 
o 


.  od.  ^  ^  of  £x 
6    =  I  of  los.  od 
oj  =^of   2    6 


Annper 


£3600    00=^  assets  when  20B.       are  paid  in  £. 


1800    00=  assets  when  loe.  od.  are  paid  in  £. 

450    00=  assets  when   a    6    are  paid  in  £. 

7  10    o  =  assets  when   o    0}    is  paid  in  £. 


£2257  10    o  =  assets  when  la    6^  are  paid  in  £. 

Ex.  9.    Find  the  weight  of  252  sacks  of  wheat,  each  sack  weighing  i  owt.  a  qrs.  23  Ibi. 
Here  252  sacks  of  wheat,  each  weighing  i  cwt.,  weight  252  cwt. 


Therefore, 

2  qrs.  =  1  of  I 
14  lbs.  =  I  of  2 


cwt. 

qrs. 
7  lbs.  zz  A  of  14  lbs. 
2  lbs.  =:  t  of  14  ibs. 


Atmfftr 


252  cwt.  o  qrs.  =  weight  at  i  owt  o  qrs.  o  lbs.  to  the  sack. 
126  o        =  weight  at  o         2         o        to  the  sack. 

31  2         =  weight  at  o         o       14        to  the  sack. 

15  3         =  weight  at  o         o         7         to  the  sack. 

42=:  weight  at  o         o         2        to  the  sack. 


4»9 


^  weight  at  i 


^3 


^^F    vAA^P    i^Vi^p^^# 
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Practiee, 


I J 'J.  We  may  sometimes  introduce  a  subsidiary  aliquot  part  to  facilitate 
calculation,  and  erase  it  from  the  result  when  the  other  parts  have  been 
found  from  it,  tf.^., — 

Ex.  lo.    Find  the  oost  of  a  silver-gilt  goblet  weighing  3  lbs.  4  oz.  15  gn,  at  £2  ys.  8d, 
per  ounce. 

3  lbs.  4  0Z8.  =  40  ozs. 
£2    • 


I  dwt.  =  f^  of  I  oz. 


la  gra.  =  ^  of  I  dwt. 
3  gn.  =  t  of  12  grs. 


8      =:  the  cost  of  i  oz. 
40 


95  6  8      =  the  cost  of 

o  1^  ^f    =  the  cost  (to  be  erased)  of  i  dwt. 

o  I  2^  =.  the  cost  of 

o  o  3I8  =  the  cost  of 


40  ozs.    o  grs. 


o 
o 


12 
3 


Antwer        £95    81}^  the  cost  of 


3  lbs.  4  ozs.  15  grs. 


In  this  example,  as  the  denomination  of  dwta,  does  not  occur  in  the  question,  and  as  a 
grain  is  7^7  part  of  an  otme€y  it  is  convenient  to  introduce  the  price  of  i  dwt. ;  not,  however, 
to  affect  the  answer,  but  only  to  derive  from  it  the  price  of  15  gra.  When  this  has  been 
done,  the  cost  of  the  i  dwt,  must  be  erased  before  the  products,  which  form  the  answer,  are 
added  together. 


A  +  «  = 


_  12  +  23  _  a«  _ 


40 


=  i«  =  J. 


178.  When  both  the  factors  in  the  question  contain  fractional  parts  which 
are  complicated,  it  is  a  good  plan  to  turn  the  money  factor  into  pounds  and 
the  decimal  of  a  pound,  and  then  to  take  the  aliquot  parts  of  the  other  factor ; 
e,g,f  let  it  be  required  to  find  the  price  of  11  tons  17  cwt.  i  qr.  19  lbs.  at 
£']  7s.  4Jd.  per  ton. 

Here,  reducing  7s.  4}d.  to  the  decimal  of  a  pound,  we  find  it  is  £-36875. 

Here  the  cost  of  a  ton  is  £7*36875. 


ID  cwt. 


{ 


5  cwt. 

2  cwt. 


I  qr. 

14  lbs. 

4  lbs. 

lib. 


} 


i 


7-36875 
II 

8105625 
3*68437,  &c. 
1*84218,  &c. 
*73687,  &C. 
'092x0,  &c. 
'04605,  &c. 
'01317,  &c. 
•00329,  &c. 


87 '4742 8,  &c. 
20 


s.    94856^ 
12 


d.    5*8272 
4 


f.     33088 
* .  £87  9s.  5{d.  is  the  cost  required. 


PtacUe4, 


»3S 


Examples  fob  Pbaotiob. 
Find  the  value  of — 

1.  785  at  los. ;  785  at  5s. ;  785  at  48. ;  785  at  6s.  8d. ;  785  at  is.  8d. 

2.  785  at  IS.  3d. ;  234  at  £1  3s.  4d. ;  895  at  6d. ;  895  at  4d. ;  895  at  j^d. 

3.  1275  at  ;f  I  los. ;  1275  atj^i  S^-'t  ^^1S^^£^  7s.  6d.;  2101  at;f2  128. 

4.  8943at;^3  178.  9d.;  4782  at ^^7  138.  9d;  89oat;^2  os.  i^. ;  164  at  88.  5^. 

5.  64oat;^7  4s.  7}d.;  320  at;^3  os.  3}d. ;  582  atj^ia  los.  2)d. ;  1603  at  168.  lojd. 

6.  150  at  9jd.  per  doz. ;  265  at  £6^  38.  i}d.  per  score ;  85  at  £%  17s.  6d.  for  every  4a 

7.  Ill  atj^ii  IIS.  I  id.  for  orery  11 ;  425I  at  ^^3  17s.  10^.;  1243}  ^i£i  148.  2d. 

8.  3  tons  12  cwt.  2  qrs.  X  379 ;   2  lbs.  7  oz.  5  dwt.  X  856;    14  yds.  i  ft.  6  in.  X  24^  1 

178}  at  6s.  7}d. 

9.  750  tons  iron  plates  at  j^8  15s.  6d. ;   215  tons  angle  iron  at  jfn  i4A*  >   3°  tons  riveta 

at  ^22  IS. 

10.  72  cwt.  3  qrs.  17  lbs.  at  68.  i^d.  per  qr. ;  250  acres  3  roods  28  poles  at;^2  158.  6d.  per 

acre ;  30848  at  6|d. 

11.  loooo  at  8Jd. ;  7895  at  lo^d. ;  a  million  at  ii}d.;  31426  at  28.  iid;  22828  at  148.  9d. 

12.  A  mile  at  3s.  iid.  per  yard ;  a  ton  at  88.  7^d.  per  lb. ;  a  lb.  troy  at  i}d.  per  grain. 

13.  The  weight  of  a  cubic  yard  at  i  lb.  13  oz.  to  the  inch  ;   the  weight  in  tons  of  257354 

cubic  ft.  of  sea  water  at  64  lbs. ;  the  income  tax  at  5d.  in  the  pound  for  j^27,ooo,ooo. 

14.  What  is  the  dividend  on  ^^2045  158.  9d.  at  5s.  x  i^d.  in  the  £, 

15.  The  weight  of  a  sheet  of  lead  35  X  10^  feet  at  6  lb.  11  oz.  to  the  foot,  and  its  cost  at 

3}d.  per  foot. 

16.  The  weight  of  3  miles  of  iron  pipes  189  lbs.  per  foot  nm,  and  the  cost  at  Ss.  lod. 

per  cwt. 

17.  12  tons  13  cwt.  3  qrs.  4  lbs.  copper  at  958.  6d.  per  cwt. ;   7  tons  17  cwt.  2  qrs.  spelter 

at  378.  9d.  per  cwt. 

18.  What  is  the  difference  in  weight,  in  tons,  &c.,  between  100  fathoms  of  chain  cable 

weighing  76  lbs.  to  the  foot,  and  300  fathoms  wire  rope  at  18  lbs.  What  will  be 
the  difference  of  cost,  the  chain  cable  being  158.  6d.  per  cwt.,  and  the  wire  rope 
£1  38.  6d. 

19.  Required  the  cost  of  breaking  metal  for  176  miles  3  furlongs  19  chains  of  road  at  3][d. 

per  yard  run. 

20.  How  much  property  tax  must  be  paid  on  £^^6^  at  28.  9|d.  in  the  £, 

21.  Find  the  value  of  157  tons  at  7  guineas  per  ton,  at  £2^  per  ton,  and  at  j^4  iis.  8d. 

per  ton,  using  one  aliquot  part  only.  In  the  same  way  calculate  the  cost  of  158 
tons  at  8  gninens  per  ton,  at  £iW  per  ton,  and  at  j^4  78.  6d.  per  ton. 

22.  Find  (using  decimals)  the  price  of  10  lbs.  1 1  oz.  16  dwts.  16  g^.  of  gold  at  £1  17B.  lo^* 

per  oz. 

23.  Find  (introducing  a  subsidiary  aliquot  part)  the  cost  of  making  a  road  whose  length 

is  3  miles  30  poles  5  yards  at  ;^72  178.  6d. 

24.  Find  the  cost  of  3  qrs.  3  bushels  3  pecks  at;^6  i6s.  8d.  per  quarter  (artifice). 

25.  Find  (using  only  one  aliquot  part)  the  cost  of  18  lbs.  7  oz.  4  dwt.  9,t£$  58.  8d.  per  lb. 

26.  A  contractor  having  commenced  a  railway  finds  that  when  he  has  yet  36  miles  3  far. 

22  yards  to  finish,  his  working  expenses  are  increased  by  a  strike  of  his  men  by 
;^i4  138.  4d.  per  mile,  and  by  a  rise  in  the  price  of  materials,  by  ;^9  138.  4d.  per 
mile.  If  he  had  reckoned  on  clearing  ^5000  by  the  contract,  what  will  he  be  able 
to  dear  after  these  misfortunes  ? 
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CHAPTER  Vn. 


RATIO,  PROPORTION,  AND  RULE  OF  THREE. 


179.  We  may  compare  one  number  or  quantity  with  another,  or  ascertain 
the  relation  which  one  bears  to  the  other  in  respect  of  magnitude,  in  two 
different  ways ;  either  by  considering  how  much  one  is  greater  or  less  than 
the  other ;  or  by  considering  what  multiple,  part,  or  parts,  one  is  of  the 
other,  that  is,  how  many  times  or  parts  of  a  time,  or  both,  one  number  is 
contained  in  the  other.  Thus,  if  we  compare  the  number  1 2  with  the  number 
3,  we  observe,  adopting  the  first  mode  of  comparison,  that  1 2  is  greater  than 
3  by  the  number  9 ;  or,  adopting  the  second  mode  of  comparison,  that  1 2 
contains  3  four  times,  and  is  thus  y,  or  four  times  as  great  as  3.  Again, 
if  we  compare  the  number  5  with  the  number  1 1,  we  observe,  according  to 
the  first  mode  of  comparison,  that  9  is  less  than  1 1  by  the  number  6,  and, 
according  to  the  second,  that  as  i  is  one-eleventh  part  of  11,  so  5  is  five- 
thirteenth  parts  of  I'l,  or  -j^ths  of  1 1. 

1 80.  The  relation  of  one  number  to  another  in  respect  of  magnitude  is 
called  Batio ;  and  when  the  relation  is  considered  in  the  first  of  the  above 
methods,  that  is,  when  it  is  estimated  by  the  difference  between  the  two 
numbers,  it  is  called  Arithmetical  Eatio ;  but  when  it  is  considered  according 
to  the  second  method,  that  is,  when  it  is  estimated  by  considering  what 
multiple,  part,  or  parts,  one  number  is  of  the  other,  or,  which  is  seen  from 
the  above  to  be  the  same  thing,  by  the  fraction  which  the  first  number  is  of 
the  second,  it  is  called  Oeometrical  Batio*.  Thus,  for  instance,  the  arith- 
metical ratio  of  the  number  1 2  and  3  is  9,  while  their  geometrical  ratio  is  y 
or  4.  In  like  manner,  the  arithmetical  ratio  of  5  and  1 1  is  6,  while  their 
geometrical  ratio  is  -^^ 

181.  It  is  more  common,  however,  in  comparing  one  number  with  another 
to  estimate  their  relation  to  one  another  in  respect  of  magnitude  according 
to  the  second  method,  and  to  call  that  relation  so  estimated  by  the  name  of 
Batio.  According  to  this  mode  of  treatment,  which  we  shall  adopt  in  what 
follows,  ''Eatio  is  the  relation  which  one  number  has  to  another,  the 
comparison  being  made  by  considering  what  multiple,  part  or  parts,  the 
first  number  is  of  the  second,  or  how  many  times,  or  parts  of  a  time,  or  both, 
the  second  is  contained  in  the  first." 


*  The  term  arithmetical  ratio  is  now  generally  abandoned,  so  that  when  the  word  ratio  is 
used,  it  signifies  that  which  is  divided  by  the  quotient  of  one  divided  by  the  other. 
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1 82.  The  ratio  of  one  number  to  another  is  usually  expressed  bj  placdng 
two  points,  or  a  colon  (:),  between  the  numbers  compared.  Then  the  ratio 
of  8  to  4  is  written  8:4;  the  ratio  of  12  to  3  is  12  :  3.  The  two  numbers 
are  called  the  Unm  of  the  ratio,  the  former  being  caUed  the  anteeedent,  and 
the  latter  the  eonsequetU, 

But  to  determine  the  value  of  a  ratio  the  antecedent  is  written  as  the 
numerator,  and  the  consequent  as  the  denominator,  of  a  fraction;  for  this 
will  determine  how  many  times  the  first  contains,  or  is  contained  in  the 
second,  since  a  fraction  (Def.  §  81,  page  63),  is  a  simple  manner  of  expressing 
the  division  of  the  numerator  by  the  denominator ;  and  the  magnitude  of  the 
fraction  thus  determines  the  value  of  the  ratio.  The  ratio  of  6  to  2  is 
expressed  by  the  fraction  |-  or  -f-,  which  denotes  that  2  is  one-third  of  6,  t.^.,  3 
times  less  than  6.  By  this  method  ratios  can  be  treated  arithmetically,  their 
values  determined,  and  so  compared  with  one  another. 

183.  A  direct  ratio  is  that  which  arises  from  dividing  the  antecedent  by 
the  consequent,  as  6  H-  2.  An  inverse^  or  reciprocal  ratio,  is  the  ratio  of  the 
reciprocals  of  two  numbers.  Thus,  the  direct  ratio  of  9  to  3  is  9  :  3)  or  |> ;  the 
reciprocal  ratio  is  ^  :  i,  or  ^  -r-  ^  =  |^,  that  is,  the  consequent  3  is  divided 
by  the  antecedent  9.  An  inverse^  or  reciprocal  ratio,  is  expruicd  hy  inverting 
the  fraction  which  expresses  the  direct  ratio  ;  or,  when  the  notation  is  hy  points,  hy 
inverting  the  order  of  the  terms.  Thus,  8  is  to  4  directly  as  ^  to  i,  or  inverselji 
as  4  to  8. 

1 84.  If  the  terms  of  a  Ratio  he  multiplied  or  divided  hy  the  same  quantity,  the 
magnitude  of  the  ratio  will  not  he  altered. 

Let  the  ratio  be  3  :  8,  then  its  magnitude  is  f ,  which  is  equivalent  to 

A,  or  A.  or  H,  &o., 
that  is,  the  ratio  3  :  8  is  equal  to  each  of  the  ratios  6  :  16,  9  :  24,  12  :  32,  fto., 
which  arise  from  the  equal  multiplication  of  its  terms ;  and,  conversely,  each 
of  the  latter  ratios  is  reducible  to  the  original  one  by  the  equal  division  of  its 
terms. 

185.  If  the  antecedents  of  two  or  more  ratios  be  multiplied  together  for  a 
new  antecedent,  and  their  consequents  be  multiplied  together  for  a  new  con- 
sequent, the  resulting  ratio  is  said  to  be  compounded  of  the  others,  and  it  i« 
called  their  Compound  Batio. 

Thus,  if  the  ratios  be  2  :  3,  4  :  7,  and  8:13,  the  ratio  which  arises  from 
their  composition  will  be 

1X4X8    :     3  X  7  X  13.  or  64    :    2-73. 

186.  If  the  two  numbers  compared  are  equal,  the  ratio  is  a  unit,  or  i,  and 
is  called  a  ratio  of  equality. 

If  the  antecedent  of  a  ratio  is  greater  than  the  consequent,  the  ratio  is 
greater  than  a  unit,  and  is  called  a  ratio  ot  greater  inequality.    Thus,  the  ratio 
of  12  :  4  i^i  3 ;  for  the  value  of  V  =  5. 
I 
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If  the  antecedent  is  lete  than  the  consequent,  the  ratio  is  less  than  a  unit, 
and  is  called  a  ratio  of  less  inequality.  Thus,  the  ratio  of  3  :  6  is  f,  or  ^y 
for|  =  i. 

187.  We  have  hitherto  given  instances  only  of  the  ratios  of  abstract 
quantities  or  numbers  to  one  another ;  but  we  may  similarly  obtain  the  ratios 
of  concrete  quantities. 

Thus,  the  ratio  of-f$^  :  jfji,  of  9  cwt.  :  12  cwt.,  of  15  gals.  :  20  gals.,  of 
33  ft.  :  44  ft.,  are  by  (§  113,  Rule  XL)  represents  f|^,  -^y,  \%i  |^,  each  of 
which  reduces  to  J,  and  we  say,  therefore,  that  the  ratio  of  ^^54  :  jf-ji  is  the 
same  as  that  of  3  :  4,  or  J,  meaning  that  -fs^  is  J  of-fji,  and  so  on  with 
the  other  ratios ;  but  Ratio  can  exist  only  between  quantities  of  the  kind,  for 
otherwise,  one  of  them  could  not  be  a  fraction  of  the  other. 

The  idea  of  relative  or  comparative  magnitude  which  is  essential  to  the  correct  notion  of 
proportion,  forhids  our  considerin!^  the  term  ratio  in  the  same  unrestricted  sense  as  the  term 
guotunt]  the  two  t^rms  are  to  he  regarded  as  meaning  the  same  thing  only  when  dividend 
and  divisor  are  quantities  of  the  same  kind ;  ratio  is  ahvaya  an  abstract  number ;  hut  the  name 
quotient,  as  we  have  seen,  is  applied  not  only  to  abstract  numbers,  but  to  the  concrete 
quantities  that  arise  from  taking  the  third,  fourth,  fifth,  &c.,  part  of  concrete  quantities. 
Be  careful  to  observe  this  distinction,  and  to  remember  that  the  ratio  of  an  antecedent  to  its 
consequent  aiwaya  has  reference  to  the  number  of  titnes,  and  parts  of  a  time,  which  the  former 
contains  the  latter ;  so  that  it  would  be  absurd  to  speak  of  the  ratio  of  one  thing  to  another 
of  a  different  kind,  as  for  instance,  of  the  ratio  of  £6  to  the  number  3,  of  8  cwt.  to  £4,  or 
9  cwt.  to  12  gals.,  &o. 

188.  The  ratio  between  two  quantities  of  the  same  kind  cannot  be  expressed  by 
an  abstract  number  unless  both  are  expressed  in  one  denomination. 

If  the  concrete  numbers,  though  of  the  same  kind,  be  not  in  the  same 
denomination  of  that  kind,  they  must  be  reduced  to  one  and  the  same  deno- 
mination, in  order  to  find  their  ratio.  Thus,  if  one  number  be  7  days  and 
the  other  1 3  hours,  the  ratio  of  the  former  to  the  latter  will  not  be  that  of  7 
to  13  but  that  of  7  days  to  13  hours,  that  is,  168  hours  to  13  hours,  which 
will  clearly  be  that  of  the  abstract  number  168  to  the  abstract  number  13, 
and  so  will  be  expressed,  not  by  -j^,  but  by  y/.  We  see  that  7  dys.  :  1 3  hrs. 
is  the  9ame  as  168  :  13,  and  that  each  is  ^.  Thus  it  is  plain  that  when  the 
numbers  are  concrete,  we  may  reduce  them  to  one  and  the  same  denomina- 
tion, and  then,  in  considering  their  ratio,  treat  them  as  abstract  numbers. 

Examples  for  F&aoticb. 

I.    What  is  the  simplest  expression  of  tho  magnitude  of  the  ratio  3  :  5,  4  :  12,  9  :  ai, 
•39  :  -93. 

a.    Which  of  the  ratios  is  greatest,  5  :  9  or  7  :  11,10:  17  or  17  :  23,  and  34  :  27  or  37  :  31. 

3.  Which  of  the  three  ratios  is  least,  7  :  ij,  1}  :  2f,  and  -75  :  -96. 

4.  What  is  the  ratio  of  £2  6s.  8d.  to  £3  los.,  of  3  tons  5  cwt.  2  qrs.  to  5  tons  7  cwt., 

of  an  oz.  troy  to  an  oz.  avoirdupoise. 

^.    Find  which  is  the  greatest  ratio,  f  or  |i,  V  or  |f ,  H  or  ^. 
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189.  Proportion  in  an  equality  of  ratios. 

If  two  ratios  are  equal  {t.e  ,  **If  the  fraction  expressed  by  the  antecedent 
and  consequent  of  the  first  ratio  be  equal  to  the  fraction  expressed  by  the 
antecedent  and  consequent  ^f  the  second  ratio '')  they  are  said  to  form  a 
Froporiiotty  and  the  four  terms  of  which  it  is  composed  are  called  ProportionaU^ 
or  said  to  be  proportional  to  one  another  J*^ 

Thus,  if  we  have  two  numbers,  as  6  and  2,  of  which  we  know  the  first  is  3 
times  greater  than  the  second,  and  two  other  numbers,  1 5  and  5,  of  which 
tbe  first  is  again  3  times  greater  than  the  second,  the  ratio  of  6  to  2  is  eq\ial 
to  the  ratio  of  15  to  5,  and  the  four  numbers  6,  2,  15,  5,  constitute  a  propor- 
tion which  is  usually  written — 

6     :     2     : :     15     :     5,     or    6     :     2  =  15     :     5 

and  is  read — 

as  6  is  to  2,  so  is  15  to  5. 

And  since  a  ratio  may  be  ^viritten  as  a  fraction  the  proportion  may  be 

written  f  =  y ,  and  is  read — 6  divided  by  2  is  equal  to  1 5  divided  by  5. 

1 90.  The  first  and  last  terms  of  a  proportion  are  called  the  Extremea^  the 
two  middle  terms  the  Means, 

While  the  two  terms  of  a  ratio,  if  they  be  not  abstract  numbers,  must  be 
quantities  of  the  aa^ne  kind^  it  is  not  uecessary  that  all  the  four  terms  of  a 
proportion  should  be  of  the  same  kind ;  it  will  be  sufficient  that  the  quantities 
in  the  first  ratio  be  of  one  kind,  and  the  quantities  in  the  second  ratio  of  one 
kind;  thus  3  cwt.  :  12  cwt.  =  7  in.  :  28  in. ;  and  generally  we  may  say  that 
any  four  quantities  are  proportionals  token  the  first  is  the  same  number  oj  times 
greater  or  less  than  the  second  that  the  third  is  greater  or  less  than  the  fourth. 

191.  Since  a  proportion  expresses  the  equality  of  ratios,  and  the  value  of 
these  ratios  may  be  denoted  by  fractions,  the  properties  of  ratios  are  made  to 
depend  directly  upon  the  properties  of  fractions. 

Hence,  if  we  take  any  two  ratios  which  are  equal  to  one  another,  for 

instance,  4:12  and  7  :  21,  where  it  is  true  that  4 ':  12  : :  7  :  21,  we  may  say, 

A  =  A 
next,  reducing  these  fractions  to  equivalent  fractions  having  a  common 

denominator,  we  have — 

4   x^i  7  X  la 

la  X  21        21  X  12 

or     4  X  21  =  7  X  12,  i.e., 
84  =  84, 

and,  as  the  numbers  taken  were  not  particular  but  general,  we  deduce  the 
following  general  rule,  viz.,  that  in  every  proportion  the  product  of  the  extremes 
is  equal  to  the  product  of  the  means, 

*  Tbe  tollowing  d'-finilion  should  bo  remembered — ''Four  quantities  are  said  to  be 
proportionals  when  tbe  first  is  the  same  number  of  times  greater  or  less  tbaa  the  second 
that  the  third  is  greater  or  lets  than  the  fourth." 
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This  property  affords  the  test  by  which  we  learn  the  yarious  alterations 
that  may  be  made  in  a  proportion,  the  original  proportionality  being  still 
preserved. 

192.  The  following  yariations  in  the  order  of  the  four  terms  of  a  pro- 
portion occur  the  most  frequently : — 


GiTen  form    18 

:     6     : 

12 

:  .   4 

Alternately    18    : 

12    : 

:      6 

:      4 

Bevenung       6 

18    : 

*.     4 

IS 

Or                   4 

12     : 

:     6 

:     18 

4 
6 

12 

12 


In  like  manner. 
6      : :     12 
4  18 

18    ::     4 
4     ::     18 


18 
12 
6 
6 


193.    From  this  it  follows,  as  a  necessary  consequence,  that  •/  the  product 
of  the  means  h  divided  hy  one  extreme^  the  quotient  will  he  the  other  extreme. 


IS 


Thus,    18    :    I 

6  =  ^andi2=:!L>ii 
12  o 

Aho^  if  the  produet  of  the  extremes  he  divided  hy  one  mean^  the  quotient  will 
he  the  other  mean. 

Thus,     18    :    6    : :     IS    :    4 


18  = 


6  X  12 


4  = 


6  X  la 


4  --—      18 

Henoe,  if  any  of  three  terms  of  a  proportion  be  given,  the  fourth  may  be  found  by  dividing 
the  produet  of  two  of  them  by  the  other  term. 

It  is  important  to  notice  this,  because  upon  this  property  of  proportion 
depends  the  solution  of  questions  in  the  Kule  of  Three ;  where  three  known 
terms  of  a  proportion  are  given,  to  find  a  fourth  unknown  one. 

Examples  fob  PaAoriOB. 
Find  the  value  of  «  in  the  following  proportions : — 

X 
|0f2i 

£    B.    d. 

I    12      6 

£3  108.    :    £5  108.      :     3  tons    :    «. 
78. 6d.         X, 

19.  Express  in  the  form  of  a  proportion  bo  that  each  term  shall  in  turn  be  the  fourth 
term,  the  question,  "  If  6|  yds.  cost  5s.  3d.,  then  73^  yds.  cost  £2  17s.  2d." 

20.  Express  as  a  proportion  so  that  each  term  is  in  turn  the  fourth  term,  the  question, 
''If  12  men  do  a  piece  of  work  in  20  days,  then  15  men  do  it  in  16  days." 

194.  It  is  often  required  to  increase  or  diminish  a  quantity  in  a  certain 
ratio.  For  example,  to  increase  the  number  1 2  in  the  ratio  of  3  to  1  is  to 
multiply  by  3.  For  the  increased  quantity  (which  being  yet  unknown  we 
will  call  «)  is  to  be  to  the  given  quantity  as  3  to  i,  or  0  :  la  : :  13  :  i. 
Whenoe  i  x  «  =  11  X  3. 


1.      4      : 

9 

-:      12      : 

X 

10. 

2.      7 

-     28     ; 

:      16     : 

X 

II. 

3-     35     : 

5 

::      X 

% 

12. 

4.     63 

X 

::      14 

1 

U- 

5.    '36 

•      17 

::     64 

X 

14. 

6.      X 

:    3«i 

::    171 

19 

7.      X 

:     324    ; 

1 :    360    ; 

6480 

»5- 

»     «3f 

!    i37i 

::     2-5    : 

X 

16. 

9-      7 

8 

::      X 

9 

17. 

18.    3  owl 

I;.3qr8. 

:    5  cwt 

•  2  qrs. 

^3 

7      ' 

8 

9- 

♦     : 

:     A 

X, 

*     : 

:     TS 

X, 

7*5    I 

X 

»95 

X     : 

:    125 

I. 

d. 

yds. 

*i     : 

:    15^ 

• 
• 

X, 

£2    : 

:    2jd. 

• 
• 

X, 

£5  »« 

I          *  * 

3  tons 
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Again,  to  reduce  a  number,  as  1 3  in  the  ratio  of  5  to  7,  is  to  multiply  by 
5  and  then  divide  by  7,  for  the  required  number  {x)  is  to  be  to  the  given 

number  (13)  as  5  is  to  7,  whence  x  =  -^y-. 

For  example,  if  certain  provisions  last  122  men  a  given  time,  it  is  evident 
that,  in  order  to  last  146  men  the  same  time,  they  must  be  iner$ased  in  the 
ratio  of  146  :  122;  that  is,  multiplied  by  146  and  then  divided  by  122. 
Again,  if  certain  provisions  suffice  106,  and  they  are  required  to  serve  74 
men,  must  be  diminished  in  the  ratio  of  74  to  106,  that  is,  X  74  -r  106. 

195.  One  quantity  is  said  to  vary  as  another,  when,  if  the  second  quantity 
is  changed,  the  first  is  changed  in  the  same  proportion,  •*.«.,  if  the  second  is 
halved,  the  first  is  also  halved;  if  the  second  is  trebled,  the  first  is  also 
trebled,  and  so  on. 

Thus  the  price  of  any  article  varies  as  the  quantity  of  the  article ;  the 
wages  of  a  labourer  vary  as  the  time  he  has  been  working ;  the  income-tax 
varies  as  the  amount  of  income.  So  also  the  quantity  of  an  article  varies  as 
the  price,  the  time  as  the  wages,  the  income  as  the  tax,  that  is,  if  one  quantity 
varies  as  another,  the  second  also  varies  as  the  first. 

When  one  quantity  varies  as  another  a  proportion  can  always  be  found  by 
them,  thus,  the  price  of  one  quantity  of  coal :  the  price  of  another  quantity, 
as  the  first  quantity  :  the  second  quantity. 

Ex.    Price  of  14  tons  :  price  of  18  tons  =  14  torn  :  iS  tons. 

Ez.    If  8  men  earn  568.,  how  much  will  48  men  earn  f 

It  is  here  roppoied  that  the  money  earned  vari$i  tUreetl^  with  the  nu&ber  of  men  engaged 
in  earning  it ;  t.tf.,  that  when  morf  mm  are  at  work  man  moiMy  will  be  earned,  and  when 
fnofr  men  are  engaged  kst  money  will  be  earned. 

With  thie  assumption  we  are  enabled  to  establish  this  ratio,  that — 

As  8  men  :  48  men  ::  the  money  earned  by  the  8  men  :  the  money  earned  by  the  48  msOy 
in  other  words,  that — 

8  men  :  48  men  : :  56s.  :  the  Amwir; 

therefore, 

th4  Antwir  =  ^^^  =  336s.  =  £16  i6s. 

In  this  example  we  have  the  three  terms  8  men,  48  men,  and  56s.  given,  and  we  are 
required  to  find  the  fourth  term,  which  will  also  be  expressed  in  shillings ;  for  the  third 
term  being  the  antecedent  to  the  fourth,  must  necessarily  be  of  the  same  Idnd  and  of  the 
same  denomination  as  the  fourth. 

196.  One  quantity  is  said  to  vary  inversely  as  another,  when,  as  one 
quantity  is  increased  the  other  is  diminished  in  the  same  proportion,  «.«.,  if 
the  second  quantity  be  halved,  the  first  is  doubled ;  if  the  second  is  trebled, 
the  first  is  divided  by  3,  and  so  on.  Thus,  the  time  of  doing  a  piece  of  work 
varies  inversely  as  the  number  of  men  employed  to  do  it,  the  length  of  carpet 
te^nixvl  1k>  fkrfK  a  givtm  xooui  tmmh  iavteMtj  m  itb  teiMdlh. 
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In  such  a  case  a  proportion  will  be  formed  thus: — Time  occupied  by  ii 
men  :  time  occupied  by  1 5  men  =  1 5  men  :  1 1  men.  And  if  carpets  A  B  are 
each  capable  of  covering  a  given  room  :  length  of  carpet  A  :  length  of  B  = 
breadth  of  B  :  breadth  of  A.  The  second  ratio  in  these  proportions  have 
their  terms  corresponding  to  the  terms  in  the  first  ratio  in  an  inverted  order, 
whence  the  expression,  vary  inversely. 

In  all  cases  of  Bide  of  Three  four  quantities  are  involved,  the  three  given 
quantities  and  the  answer ;  two  of  these  quantities  are  of  one  kind,  and  two 
of  another ;  the  quantities  of  the  first  kind  must,  in  the  nature  of  the  case, 
vary  directly, -or  inversely,  as  these  of  the  second,  or  a  proportion  cannot  be 
formed  amongst  them,  and  the  process  of  the  Bule  of  Three  is  not  applicable. 

From  the  preceding  illustrations  and  principles  we  deduce  the  following 
general  rule  for  Simple  Proportion. 

To  find  the  fourth  term  of  a  proportion  when  three  terms  are  given. 

RULE  LVI. 

Place  the  number  for  the  third  term  which  ie  of  the  same  kind  as  the  answer  or 
number  required.  Then^  if  by  the  nature  of  the  question  it  appears  that  the  answer 
must  be  greater  than  the  third  term,  place  the  greater  of  the  other  two  numbers 
for  the  second  term,  and  the  less^br  the  first ;  but  if  the  fourth  term  is  to  be  less 
than  the  third  term,  place  the  less  of  the  other  two  numbers  for  the  second  term, 
and  the  greater /or  the  first.  Then  multiply  the  second  and  third  terms  together ^ 
divide  the  product  by  the  first,  and  the  quotient  will  be  the  answer  in  the  same 
denomination  as  the  third  term. 

The  arrangement  of  the  given  terms  in  the  manner  mentioned  at  the 
beginning  of  the  rule,  is  commonly  called  stating  the  question.  Sometimes  a 
word  or  two,  or  a  letter,  or  other  symbol,  will  be  added  to  represent  the 
fourth  or  required  term. 

NoTB  I. — The  process  denoted  by  the  above  rule  may  often  be  much  abbreviated  by 
dividing  the  first  and  second,  or  the  first  and  third  terms,  {but  never  the  seeond  and  third),  by 
any  number  which  will  divide  each  of  them  without  a  remainder,  and  using  the  quotients 
instead  of  the  numbers  themselves. 

For  9  :  12  : :  21  :  28  is  the  same  as  1^  :=  $},  which  is  the  same  as  {  ^  Hv  which  is 
the  same  as  3  :  4  : :  21  :  28,  which  represents  the  first  proportion  after  its  first  and  second 
terms  have  each  been  divided  by  the  same  number  3. 

Again,  9  :  12  : :  21  :  28  is  the  same  as  1^  =  f },  which  is  the  same  as  1^  =r  -g^t  which  is 
the  same  as  3  :  12  : :  7  :  28,  which  represents  the  first  proportion  after  the  first  and 
third  terms  have  each  been  divided  by  3. 

Again,  9  :  12  : :  21  :  28  is  the  same  as  1^  =  fi,  but  this  is  not  the  same  as  f  =  -3V, 
which  is  tbe  same  as  9  :  4  : :  7  :  28,  which  represents  the  first  proportion  after  the  second 
and  third  terms  have  each  been  divided  by  3.  Moreover,  f  is  not  equal  to  7|^-,  and  of  course 
9  :  4  : :  7  :  28  is  not  a  true  proportion. 

NoTB  II. — Although  we  have  said  in  the  rule  multiply  the  second  and  third  terms 
together,  and  then  divide  their  product  by  the  first,  it  will  be  found  in  most  cases  advisible 
not  to  perform  the  actual  multiplication  until  wd  have  discovered  by  putting  the  expression 
in  the  form  of  a  fraction,  whether  there  be  any  factor  or  factors  common  to  the  numerator 
and  dvndminatoir,  and  ilftf,  hx^  i^etiM.  fooh  £ibtiO»  o»  tettef. 
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Examples. 

Ez.  I.    If  27  sheep  cost  £45,  what  will  be  the  cost  of  36  sheep  P 

Arranging  tho  three  terms  so  that  the  last  term  is  the  odd  one,  and  the  first  that  term  by 
which  the  last  has  to  be  divided ;  thus : — 

sheep.     Bheep.  £ 

27     :     36    ::    45 

Now  it  is  indifferent  whether  we  first  divide  45  by  27  and  then  multiply  by  36,  or  first 
multiply  by  36  and  divide  by  27,  the  answer  will  be  ^--^r-  • 

Bat  any  factor  common  to  either  45  or  36  and  27  may  bo  stmck  out  without  affecting  the 
yalue  of  the  fraction ;  this  is  called  cancelling,  and  tho  sum  will  be  worked  thus — 

]{t    :    9^    : :    ^^  9  divides  27  and  36,  giving  quotients  3  and  4  respoc- 

9           4           '5  ttveiy;  3  divides  the  3  and  45,  giving  quotients  i  (which 

^  is  not  put  down)  and  15.     The  answer  will  now  be 

Af%9     £60  '5X4  divided  by  i,  that  is,  £60. 

Or,  by  Note  II- 

'5        4 
Cost  of  36  sheep  =  ^5><1?  ==  60. 

Ez.  a.    If  a  qrs.  7  lbs.  of  eugar  cost  £1 .  i  is.  6d.,  what  will  be  the  cost  of  5  cwt.  3  qrs.  f 

Here  the  first  two  terms  have  been  reduced  each 
to  7  lbs.  weight,  and  the  last  term  to  sixpences.  The 
student  must  observe  that  labour  is  always  saved  by 
reducing  to  as  large  a  denomination  as  possible ;  but 
the  first  two  terms  mutt  be  reduced  to  the  tmne 
denomination.  The  question,  after  reduction,  really 
becomes— If  9  seven-pound  weights  cost  63  six- 
pences, how  much  will  92  seven-pound  weights  cost  ? 
Answer ^  644  sixpences.  The  second  term,  92,  has 
been  multiplied  by  tho  7  for  convenience.  The 
student  must  remember  that  tho  answer  is  in  the 
denomination  to  which  the  third  has  been  reduced. 


q^n.  lbs.     cwt.  (^rs. 

^      B.       d. 

27:53:: 

I    II     6 

4               4 

20 

«i              n 

31 

4 

a 

9» 

«» 

7 

— 

7 

a)644 

2,0)32,2 

£16  3 

Or,  by  Note  11— 

7 

Cost  of  5  cwt.  3  qrs.  =  ^ — 5 — ^  =  644  sixpences  ^  £16  28. 

fit 

Ez.  3.    If  135  yards  of  doth  cost  £27,  how  many  can  be  purchased  for  £33  f 

£         £         y«df 

^t    :     33    :  '•    X^^  T^e  fint  and  third  terms  are  divisible  by  27.    The  33 

5  5  is,  for  convenience,  multiplied  by  5. 

165  Annoer,  165  yards. 

Or,  by  Note  H— 

5 

yards  that  can  be  purchased  =   -^  d^        =  >^5  7^*^* 
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Ex.  4.  If  ft  piece  of  cloth  is  20  yards  in  length  and  |^  yard  in  breadth,  how  broad  is 
another  piece  which  is  la  yards  long,  and  which  contains  as  much  cloth  as  the  other  P ' 

As  the  length  of  the  second  piece  is  less  than  that  of  the  first,  its  breadth  must  necessarily 
be  greater,  in  order  that  the  content  may  be  the  same.  Therefore,  in  this  case  a  less  length 
requires  a  greater  breadth,  and  so  the  example  belongs  to  Bole  of  Three  Inverse. 

We  have  the  hrtadth  of  the  second  piece  to  find.  That  of  the  first  piece  is  }  yard ;  place 
this,  therefore,  as  the  third  term.  Now  the  required  bnadth  is  to  be  greater  than  this ; 
therefore  place  the  so  yards  as  the  second  term,  and  the  1 2  yards  as  the  first. 

12  yds.  :  20  yds.  : :  3  qrs.  of  a  yd.  :  required  breadth  in  qrs.  of  a  yd. 
3 

12)60 

5  qrs.  of  a  yard  =  i\  yard. 
Or  thus  :— 

12  yds.  :  20  yds.  : :  |  yd.  :  required  breadth  in  yds. 

.  • .  required  breadth  =  ?^  yds.  =  5JLJ  =  |  yds.  =  i  J  yd. 

The  required  breadth  is  therefore  a  yard  and  a  quarter. 

Ex«  5.  If  a  man  wUom  income  is  £638  68.  8d.  pays  an  income-tax  of  £15  198.  2d.,  how 
much  ought  to  be  paid  on  an  income  of  £227  3s.  4d.  ? 


£ 

•.   d. 

£      1. 

d. 

£     •.     d. 

638 
6 

6    % 

»a7     3 
6 

4 

::         15  19    2 
20 

a 

2)1363 
6)681  id. 
2,0)1 1,3  7d, 

1 

319 
6 

xax? 

£5  13s. 

7<I. 

Am,    £5  13s.  7d. 

Here,  the  first  two  terms  haye  been  reduced  to  sums  of  3s.  4d.  each,  and  the  last  term  to 
twopences.    It  would  in  this  case  have  saved  trouble. 

Ex.  6.    If  27  men  do  a  piece  of  work  in  20  days,  in  how  many  days  will  45  men  do  it  f 

nitn.       mm.        days. 

W     :     ?t    ::     %^ 

*  3  4 

3 

12  days.  Am,    12  days. 

Here,  the  /nt  and  ttmnd  terms  are  each  divided  by  9,  and  then  the  Jlrtt  and  third  are 
divided  by  5. 

Ex.  7.    If  5*25  yards  of  calico  cost  3s.  8'625d.,  what  will  be  the  cost  of  367*5  yards  at  the 
fame  rate  F 

5-25  yds.    :     367-5  yds.    : :     3s.  8*625d.    :    cost  of  367-5  yds. 

or  44'625d. 

The cttrt of  3675  yds.  =  ^^^^^^^'^  =  3"3H-  =  ^»3  «•  3id.    Am, 
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Ex.  8.    If  I  can  travel  iq8  milAs  by  railway  for  £a  93.  6d.,  how  far  at  the  same  rate  of 
charge  ought  I  to  be  carried  for  £8  os.  icjd. 

milcf. 
198  required  diatance. 


£      8.  d. 

396 

£     8.  d. 
8  0  io| 

20 

20 

49 

IS 

160 
la 

594 

4 

1930 

4 

1376  7722 


3861 


/.required  distance  =  5M-^1?^  =  a^^ 

6 
:=  643)  miles  =  643^  miles. 

Ex.  9.    If  12}  tons  cost  £3  158.,  what  will  5  cwt.  cost  f 

Instead  of  reducing  each  of  the  given  qnantities  to  their  lowest  terms,  fractions  may  be 
commonly  used  with  advantage ;  care  being  taken  to  express  the  quantities  in  each  ratio  in 
the  samt  denomination.  Thus,  in  the  example  given,  express  5  cwt.  as  a  fraction  of  a  ton^ 
and  15s.  as  the  fraction  of  £1,  we  have— 

12}  tons  :  i  ton  : :  £3}  :  cost  of  ^  ton. 
a  4 

25  if5 

»  4 

V  x^w.  =  J  X  V. 

3 

a         5 

Ex.  ID,  If  I  of  a  share  of  a  speculation  be  worth  £21  178.  6d.,  what  would  }  of  a  ihan 
be  worthf 

I    :    }    ::    £21}    :    Am. 

8 

175 
8 

"5 
|X-^.  =  |XH^=  I  X^Xy=V 

V=i6}  =  £i6  13s.  4d. 

Ex.  1 1.  If  24  men  can  do  a  piece  of  work  in  8  days,  in  what  time  can  the  same  work  b« 
performed  by  64  men. 

It  is  clear  that  64  men  can  do  the  work  in  a  less  time  than  24  men,  and  so  the  lime 
required  will  be  less  than  8  days,  the  third  term  in  our  proportion.  We  must  therefore 
plaoe  the  24  ns  the  second  term,  and  the  64  as  the  first. 

V 
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64,    :     12  8  days  :  required  time  in  dayfl. 

8 

64^96(1 
64 

64 

. ' .  the  required  time  is  iH  days  =r  i^  day. 

3 

Required  time  =  -^—^ —  =:  f  =  1 J  day. 

^\ 

a 

2 

i 

Ex.  12.    If  42  cwt.  2  qrs.  cost  £73  168.,  what  is  the  cost  of  41  cwt.  20  lbs.  ? 

TTero,  the  answer  is  to  bo  cost.  Put  the  given  cost  in  the  third  plnce.  The  ratio  of 
3rd  :  4th  will  clearly  be  a  ratio  of  gre<iter  inequality,  or  the  4th  will  be  ^  the  3rd.  There- 
iore  the  2nd  must  be  ^  the  ist.     IlfDce— 


Or  thus : — 


cwt. 

42 

4 

qrn. 

2 

cwt. 
41 

4 

lbs. 
20 

£       8. 

:             7?  16 
2a 

required  cost. 

170 
28 

164 
28 

1476 

1360 
340 

i31» 
328 

4760  4612 

369        2306 

required  cost  =  ^4?|Xi?i?  =  iJJfAs.  =  ,4208.  ijJld. 

WQ 

595  =  £71  108.  liJId. 

But  a  shorter  and  preferable  metliod  is  as  follows : — 

Bcquired  cost=  ^^.^^  =  ^'^Xy^X^  ^  ^,,^^^^  ^  ^^^  ^^^  ^^^^ 

4*J  5  X  ^ci  X  05 

14 

There  are  certain  examples  in  which  at  first  sight  more  than  three  terms 
appear  to  be  given,  but  they,  nevertheless,  in  certain  cases,  come  under  this 
rule,  as  in  the  following  instance. 

Ex.  1 3.    If  the  carriage  of  5  cwt.  7  lbs.  for  84  miles  cost  me  £3  189.  4d.,  what  will  it  cost 
me  to  have  21  cwt.  1  qr.  14  lbs.  carried  the  came  distance  P 

The  84  miles  may  evidently  be  left  out  of  consideration,  since  the  distance  in  both  cases 
is  the  same. 

Proceeding  then  according  to  our  rule — 

5  cwt.  7  lbs.  :  21  cwt.  1  qr.  14  lbs.  : :  £3  i8s.  4d.  :  required  cost, 
whence  it  will  be  found  that— 

Required  coat  =:  £16  lot.  Sfd.  |q. 
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197.  Questions  in  proportion  can  always  be  worked  independent  of  the 
artificial  rule  of  stating ^  and  although  sometimes  not  so  ccmveniently,  yet 
always  in  a  satisfactory  way  as  regards  simplicity  of  demonstration.  It  will 
appear  from  the  following  examples  that  a  knowledge  of  first  principles,  or 
the  fundamental  rules  of  arithmetic,  is  sufilcient  for  the  solution  of  all 
problems  in  the  Eule  of  Three. 

EXAHPLSS. 

Taking  Ex.  i,  page  143,  we  have- 
Ex.  I.    If  37  sheep  cost  £^$,  what  will  36  sheep  cost  P 

The  cost  of  27  sheep  =  ;f  45, 
Therefore  the  cost  of  i  sheep  =  ;f  45  -7-  27  =  Jf, 
Therefore  the  cost  of  36  sheep  =:  If  X  36 

15        4 

--^^^-60. 

^  Ana.    £So, 

The  question  may  also  be  worked  by  the  method  indicated  in  §  194,  page 
140,  thus — 

By  Batio :     Here  ^^45  has  to  be  increased  in  the  ratio  of  36  to  27,  or  of  4  to  3. 

45  X  4  -r  3  =  >C6o.  Am.    /60. 

Ex.  2.    If  428.  be  the  wages  of  6  men,  what  will  be  the  wages  of  36  men  P 

The  wages  of  6  men  =  42B. 

Therefore  the  wages  of  i  man  =  428.  -7-  6  =  *,f, 

6 

Therefore  the  wages  of  36  men  =  V  X  36  =  - — ^-^  =  2528.  Am, 

Ex.  3.    If  4  tons  3  cwt.  of  coal  cost  £6  48.  6d.,  how  mnch  coal  may  be  had  for  ^^4  168.  P 
For  {£6  4s.  6d.,  i.e.,  for)  249  sixpences  we  can  purchase  (4  tons  3  cwt., «.«.,)  83  cwt  of 
coal, 

Therefore  for  i  sixpence  we  can  purchase  -fts  cwt.  of  coal. 

And  for  (^4  168.,  t.*.,  for)  192  sixpences  we  can  purchase  -^ .JiiiH  of  coal, 

64 


Ex.  4.     If  the  railway  fare  for  travelling  85  miles  is  £1  9s.  4d.,  what  will  be  the  fare  for 
130  miles? 

The  fare  for    85  miles  is  29^8, 

„  I  mile  is  -^  of  29^8.,  or 

„  1 30  miles  is  W  of  2918.  =  ^f-  of  V^-i 

26   . 

a^         3 

By  Ratio :     Here  £1  98.  4d.  has  to  be  increased  in  ratio  of  130  to  85,  or  26  to  17. 

£1  9s.  4d.  X  36  -f-  17  =  448.  loAd.  An$» 
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Ex.  5.    If  lof  lbs.  of  sugar  cost  ^iia.,  vhat  will  be  the  cost  of  3}  cwt.  P 

The  cost  of  lof  lbs.  (=  -V  lbs.)  =  4il8.  (=  -Jls.), 

I  lb.  =  ^^  of  II  =  A  of  7Sm 


„       112  X  3!  lbs.  =  —,^-^  of  78., 


7 

Ex.  6.    A  steam  yessel  consumes  1 3  tons  of  coal  in  if  days :  how  long  will  98  tons  last  P 

Method  of  Unity :  13  tons  in  1^,  or  fi,  is  i  ton  in     J     or  iV^,  and  98  tons  is 

98  X  A  =  13M  or  13*  5»»  nearly. 
13    :    98    : :     j}    :    days  required. 

=  8L21-L75  =  ,3.a. 

By  Batio :  Here  if  days  is  to  be  increased  in  the  ratio  of  98  to  13. 

»75  X  98  -f-  '3  =  »r*  days. 

198.    Examples,  such  as  the  following,  are  easily  worked  out  by  the  Bule 
of  Three. 

EXAlfTLES. 

Ex.  I.  A  clock  gains  3}  minutes  in  15  seconds  under  the  24  hours;  at  noon  it  is  a 
minutes  too  slow ;  when  will  it  indicate  true  lime  F 

Take  15  seconds  from  24  hours  and  there  remains  23^  59™  45*.  The  question,  therefore, 
is,  '*  if  a  dock  gains  3}  minutes  in  23^  59°*  45%  in  what  time  will  it  gain  2  minutes  F  " 

3^  minutes  :  2  minutes  : :  23JI8 J  hours  :  ^tu.  hours. 

: '  H^h^  '  -^'w.  hours. 

jim.=:^X  ^^X  ^  =  ^W  =  14  liours  16  minutes. 

\8Q 
90 

Ex.  2.  Qiven  that  the  diameter  of  a  circle  is  to  the  circumference  as  i  :  3^ ;  find  the 
number  of  revolutions  made  by  a  wheel  whose  radius  is  i  foot  9  inchts  in  a  journey  of  8 
miles. 

When  the  radius  is  i  foot  9  inches,  the  diameter  is  3  feet  6  inches,  and  we  are  told  that — 

diameter  :  circumference  : :  i  :  3^. 
therefore,  3}  :  circumference  : :  i  :  3^. 

II 
circumference  =  —  x   •   ^^  * '  ^^*' 

The  question  is  now  only  how  many  times  a  length  of  1 1  feet  is  contained  in  8  miles ; 
hence,  bringing  miles  to  leet,  wo  have — 
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Ex.  3.    If  (}  4-  it)  of  a  steamer  be  worth  ^^14353  19s.  id.,  what  is  the  value  of  (i  +  iV) 
of  it? 

Here}  +  A:='^4^=«  =  *, 


ai 


And  J+TV=l±i=A=l. 

Therefore  the  ques'ion  stands  thus  :— 

'*  If  f  of  a  steamer  is  worth  ;^  14053  19s.  id.,  what  is  the  value  of  |  of  it  F  " 

By  the  rule : — 

f    :    f    : :    ^^14053  19B.  id.    :    the  Antwer, 
. ' .  the  AHiw$r  =  ;f  14053  19s.  id.  X  f  -^  f 
=:;f  14053  198.  id.  X  {  X  I 

=  /uo53  i9««>d.  X  14 
»5 

=£1^10  4»-  4d. 

Ex.  4.    If  after  paying  an  income  tax  of  7d.  in  the  pound  a  person  haS;^776  138.  4d. 
remaining,  what  is  hid  actual  gross  income  f 

Every  pound  of  240  pence  is  reduced  by  paying  a  tax  of  7d.  to  133  penoe,  and  the  whole 
income  is  reduced  in  the  same  ratio ;  hence  ~ 

140    :    133    ::    original  income    :    reduced  income 

::    Atmcer  :    ;f776| 

3 

1330 

3 
Antwtr  =  140  X  *V*  -f-  «33 

80  10 

FiXAMPLT.a  FOE   PbAOTIOI. 

I.    If  the  cost  of  54  tons  of  coal  is  £41  178.,  what  will  71  tons  cost  P 

1.    If  a  score  of  sheep  cost  £43,  what  would  be  the  price  of  a  flock  of  3580  sheep  P 

3.  What  would  be  the  price  of  7632  articles  at  3|d.  for  every  144  of  them  P 

4.  If  2  cwt.  3  qrs.  14  lbs.  of  sugar  cost  £6  148.  id.,  what  quantity  of  the  same  quality  of 

sugar  can  be  bought  for  £29  158.  P 

5.  If  I  cwt.  I  qr.  cost  £3  3s.  4d.,  what  is  the  cost  of  15  owt.  1  qrs.  3}  lbs.  P 

6.  What  will  bo  the  cost  of  1^  tons  of  merchandise,  if  3  owt.  17  lbs.  cost  £35  Ss.  lod.  P 

7.  Fifteen  ounces  of  copper  ore  are  found  to  contain  i\  01.  of  pure  copper ;  how  much 

pure  copper  is  ihere  in  a  heap  of  27  tons  of  copper  ore  P 

8.  If  a  ship  can  steam  a  distance  of  145  miles  in  1  days  7  hours,  how  long  should  she 

take  to  go  1600  miles  ? 

9.  If  Smencandoapieceof  workin  18  woridagdayifhoirloiigalioiildittAke  ismen 

lodoiiP 
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10.  If  one  fibre  of  silk  will  sastiia  50  grains,  how  many  would  be  required  to  support 

97  lbs.  ? 

11.  If  4*4  articles  cost  £2*86,  what  is  the  value  of  7*375  such  P 

12.  If  5  yds.  7  in.  cost  £3  158.,  what  will  23  yds.  i  ft.  cost? 

13.  If  27  sovereigns  weigh  3341*25  grs.,  how  many  lbs.,  ozs.,  &c.,  will  xooo  sovereigns 

weigh  P 

14.  There  are  provisions  in  a  town  sufficient  to  support  4000  soldiers  for  3  months,  how 

many  must  be  sent  away  to  make  them  last  8  months  F 

15.  How  many  paits  of  gloves,  at  is.  lo^d.  a  pair,  will  cost  as  much  as  141  yards  of  silk 

at  4s.  8d.  per  yard  P 

16.  Find  a  quantity  which  bears  the  same  ratio  to  5  yds.  3  qrs.  3  nls.  that  30  days  3  hrs. 

29  min.  29  sec.  bears  to  13  days  16  hrs.  51  min.  35  sec. 

17.  Find  the  value  of  7  tons  8  cwt,  when  5  owt.  are  worth  £18  138.  4d. 

18.  If  a  bankrupt  pays  13s.  7d.  in  the  pound,  what  will  he  pay  on  a  debt  of  £452  P 

Work  the  sum  also  by  Practice. 

19.  Shrubs  are  planted  a  yard  apart  upon  two  acres  of  ground;  how  much  will  they  cost 

at  13s.  6d.  per  1000  P 

20.  How  many  yards  of  carpet,  three-quarters  of  a  yard  wide,  will  cover  a  room  27  feet 

square? 

21.  Water  consists  of  eight  parts  by  weight  of  oxygen  and  one  of  hydrogen ;  what  weight 

of  oxygen  is  there  in  19  gallons  of  water  P 

22.  Given  that  the  diameter  of  a  circle  is  to  the  circumference  as  i  :  3*  1425  ;  find  correctly 

to  the  thousandth  part  of  an  inch  the  circumference  of  a  circle  whose  radius  is 
2-1  feet? 

23.  The  sloth  does  not  advance  more  than  100  yards  in  a  day ;  how  long  would  it  take  to 

crawl  from  Dublin  to  Cork,  allowing  the  distance  to  be  160  English  miles  P 

24.  An  acre  of  coals  2  feet  thick  yields  3000  tons,  and  one  5  feet  thick  8000 ;  how  many 

acres  of  5  feet  thick  would  give  the  same  quantity  as  48  of  2  feet  thick  P 

25.  One  piece  of  silk  a  mile  long  weighs  but  1 2  grains ;  how  many  miles  would  4  millions 

of  pounds,  annually  consumed  in  England,  reach  P 

26.  A  tank  contains  406  gallons  of  water  when  f  full,  how  many  gallons  does  it  contain 

when  quite  full  ? 

27.  A  bar  of  iron,  an  inch  and  a  quarter  square  and  2  feet  long,  is  rolled  down  to  }  inch 

square ;  how  long  will  it  be  ? 

28.  If  H  of  a  truck  of  coal  weighs  26  cwt.  i  qr.  19  lbs.,  what  is  the  weight  of  all  the  coal 

in  a  truck  P 

29.  If  72  men  dig  a  trench  in  63  days,  in  how  many  days  will  42  men  do  the  same  ? 

30.  If  12  men  can  reap  a  field  in  4  days,  in  what  time  can  the  same  work  be  done  by  32 

men? 

31.  What  weight  ouR:ht  to  be  carried  25 J  miles  for  the  same  sum  for  which  3  cwt.  are 

carried  40  miles  P 

32.  If  a  pound  weight  of  standard  gold  were  worth  £46  14s.  6d.,  how  much  should  one 

sovereign  weigh  P 

33.  If  a  treasure  of  silver  was  worth  £1800000  in  the  time  of  Henry  VII,  when'silver  was 

worth  £1  17s.  6d.  a  pound,  what  would  it  be  worth  now  when  silver  is  5s.  6d.  an 
ounce  P 

34.  A  steamer,  whose  average  rate  of  sailing  is  8  knots  an  hour,  makes  a  voyage  in  $S 

days ;  how  long  will  another  steamer  be  in  making  the  same  voyage,  whose  average 
rate  is  7  knots  P 
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35.  If  4$  0Z8.  of  tea  cost  i^js.,  what  will  29^  lbs.  cost  P 

36.  If  f  owt.  cost  £7!,  what  will  6}  lbs.  cost? 

37.  If  J  of  a  ton  cost  £f,  what  will  f  of  a  ton  cost  P 

38.  A  watch  set  .accurately  at  noon  indicates  10  min.  to  5  at  5  o'clock  the  same  afternoon, 

what  is  the  time  when  the  WHt(;h  indicates  5  o'clock  ? 

39.  Two  clocks  point  to  2  o'clock  at  the  same  instant,  one  loses  7  sec.  and  the  other  gains 

8  sec.  in  24  hours ;  when  will  ono  be  half  an  hour  before  the  other  ? 

40.  The  supply  of  a  certain  number  of  persons  with  bread  at  7^1.  a  loaf  costs  £27  188., 

what  will  be  the  cost  of  supplying  }  of  that  number  at  6^d.  a  loaf  P 

41.  A  garrison  of  1000  men  is  victualled  for  30  days,  after  10  days  it  is  reinforced  and 

then  the  provisions  were  exhausted  ini5  days ;  what  wus  the  number  of  the  rein- 
forcement P 

42.  A  garrison  was  yictuallnd  for  30  days,  and  after  10  days  it  was  reinforced  by  3000 

men,  and  then  the  provisions  were  exhausted  in  10  days;  what  was  the  original 
number  of  the  garrison  ? 

43.  If  a  pole  Fo  feet  high  cast  a  shadow  12  feet  8  inches  long,  how  high  is  a  tower  whose 

shadow  at  the  same  time  is  57  feet  long  P 

44.  If  one  tower,  known  to  be  99  feet  high,  cast  a  shadow  73  feet  3  inches  long,  what 

length  of  shadow  will  another  to^er  100  feet  high  cast  at  the  same  time  P 

45.  If  4^  oz.  avoir,  cost  Sj^a.,  what  will  8JJ  lbs.  cost? 

46.  If  xi?  of  I  of  2  J  ^f  40  lbs.  of  beef  cost  i^ifd.,  how  many  lbs.  may  be  bought  at  the 

same  rate  for  6s.  7^d.  P 

47.  Lead  weighs  i  i^^s  times,  and  platinum  21  times,  at  much  as  water;  what  weight  of 

platinum  will  be  equal  in  bulk  to  1 1 2  lbs.  of  lead  P 

48.  A  watch  which  gains  uniformly  tells  the  true  time  once  in  every  200  days ;  how  muoh 

does  it  gain  or  lose  per  hour  P 

49.  A  leaden  shot  of  4}  inches  in  diameter  weighs  17  lbs.,  but  the  size  of  a  shot  4  inches 

in  diameter  is  to  that  of  one  4^  inchrs  in  diameter  as  64000  :  91 125 ;  what  is  the 
weight  of  a  leaden  ball  4  inches  in  diameter  P 

50.  The  ratio  of  the  vibrations  of  a  pendulum  to  the  number  of  seconds  in  which  the  vibrations 

ate  made  is  -^- ;  how  many  times  will  it  vibrate  in  24  hours  P 

8 
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199.  Questions  frequently  arise  in  which  five  quantities  are  given  to  find 
a  sixth,  or  seven  quantities  given  to  find  an  eighth,  and  so  on.  In  such 
cases  it  becomes  necessary  to  repeat  the  process  already  adverted  to  in  the 
Bule  of  Three,  or  to  combine  two  or  more  proportions  so  as  to  reduce  them 
all  to  a  simple  proportion,  and  then,  if  any  three  terms  of  the  reduced  pro- 
portion be  known,  the  fourth  can  be  found  as  before ;  and  the  method  by 
which  the  fourth  term  of  a  proportion  is  found  when  the  antecedent  and  the 
consequent  consists  each  of  more  than  one  quantity,  is  called  Compound 
Proportion. 

« 

The  following  example  is  one  of  Compound  Proportion. 

Example. 

Ex.  If  the  expentes  of  7  persons  for  3  months  he  70  guineas,  what  will  he  the  expenses 
of  10  persons  for  1 2  months  ftt  the  same  rate  f 

Here  we  most  find  what  the  expenses  of  10  persons  for  3  months 'will  be. 
This  is  done  by  the  Rule  of  Three  in  the  following  manner : — 

7  penons    :    10  persons    : :    70  guineas    :    100  guineas  (A.), 

ID 

W  X  10 

•^ — = — ^  =  100  guineas. 

Now,  suppose  10  persons  expend  100  guineas  in  3  months,  we  must  next  inquire  how 
much  they  will  expend  in  la  months,  and  by  the  same  rule  we  get — 

3  months    :     12  months    :      100  guineas    :    400  guineas  (B), 

4 

1!^  X  100 

^2—= =  400  guineas. 

Instead  of  repeating  the  operation  of  the  Bule  of  Three,  the  terms  of  the  proportion  (A) 
may  be  multiplied  by  the  corresponding  terms  of  the  proportion  (D),  and  the  product  will 
itill  be  proportional  ({  184). 

Hence— 

7X3    ••    10  X  "    : :    70  X  100    :     100  X  400, 

But  as  the  ratio  of  the  third  term  to  the  fourth  will  not  be  altered  by  dividing  each  of  the 
terms  by  100,  it  is  obvious  that  the  operation  for  finding  the  fourth  term  (100)  in  ▲  is 
superfluous  and  may  be  dispensed  with  entirely. 

The  statement  of  the  terms  of  the  operation  will  then  be  as  follows  :— 

7  persons    :     10  persons    :      70  guineas 
3  months    :    12  months, 

10  4 

then  y      ^    ^^  =:  le  X  10X4  =  400  guineas.  Amtcir, 
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20Q.  For  the  sake  of  convenience  we  may  divide  each  question  into  two 
parts,  the  supposition  and  the  demand;  the  former  being  the  part  which 
expresses  the  condition  of  the  question,  and  the  latter  the  part  which 
mentions  the  thing  demanded  or  sought.  In  the  question,  for  example, 
**If  the  carriage  of  15  cwt.  for  17  miles  cost  me  ^^4  53.,  what  would  the 
carriage  of  21  cwt.  for  16  miles  cost  me  ?  "  form  the  demand.  Adopting  this 
distinction  we  may  give  the  following  rule  for  working  out  examples  in 
Compound  Proportion. 

EULE  LVn. 

1^.  Take  from  the  supposition  that  quantity  which  corresponds  to  the  quantity 
sought  in  the  demand^  and  write  it  down  as  a  third  term.  Then  take  one  of  the 
other  quantities  in  the  supposition  and  the  corresponding  quantity  in  the  demand 
and  consider  them  with  reference  to  the  third  term  only  (leaving  all  the  other  given 
quantities  out  of  consideration)  when  the  two  quantities  are  so  considered^  if  from 
the  nature  of  the  case  the  fourth  term  would  he  greater  than  the  thirds  then,  as  in 
the  Ride  of  Three^  put  the  larger  of  the  two  quantities  in  the  second  term,  and  the 
smaller  in  the  first  term ;  but  if  less,  put  the  smaller  in  the  second  term,  and  the 
larger  in  the  first  term.  From  the  remaining  quantities  select  two  others,  and 
retaining  the  same  third  term,  proceed  in  the  same  way  to  make  one  of  these 
quantities  a  first  term,  and  the  other  a  second  term, 

2^  If  there  he  other  quantities  in  the  supposition  and  demand,  proceed  in  like 
manner  with  them, 

3°.  In  each  of  these  statings  reduce  the  first  and  second  terms  to  the  same 
denomination.  Let  the  common  third  term  he  also  reduced  to  a  single  denomination 
if  it  he  not  already  in  that  state.  The  terms  may  then  he  treated  as  abstract 
numhers. 

4°.  Multiply  all  the  first  terms  together  for  a  final  first  term,  and  all  the  second 
terms  for  a  final  second  term,  and  retain  the  former  third  term.  Multiply  the  third 
term  by  the  product  of  the  quantities  in  the  second  term,  aud  divide  the  result  by  the 
product  of  all  the  quantities  in  the  first  term. 

KoTB. — In  dealing  with  the  final  statement  obtained  by  the  Bole,  the  two  notes  to  Role 
^y^t  page  142,  will  often  be  found  useful. 

EXAKFLBS. 

£z.  I.  If  6  men  in  24  days  of  8  hours  each  set  up  576  yards  of  telegraph  wire,  how 
many  yards  will  be  set  up  by  5  men  in  20  days  of  10  hours  each  P 

In  such  questions  the  first  thing  is  to  get  a  dislinct  idea  of  the  supposition  as  dititinguished 
from  the  demand. 

Here  the  supposition  is  that  6  men  set  up  576  yards  of  wire  in  24  days  of  8  hours  each. 
If,  now,  we  arrany^e  the  demand  in  the  same  WHy  as  the  supposition,  it  will  run — 5  men  set 
up  P  yards  in  20  days  of  10  hours  each,  and  the  F  is  the  number  of  yards  we  have  to  fill  up. 

Since  the  third  term  miut  always  bsofihe  same  kind  as  (hi  answer,  in  this  example  the  third 
term  will  therefore  be  "576  yards." 

X 
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"We  next  consider  thus : — 

^^1/6  men  can  set  up  576  yards  ofwiref  how  many  yareh  can  be  tet  up  by  5  men  f** 

This  proportion  would  be  stated  thus:  — 

As  6  men         5  men  576  yards  of  wir«)    :     the  yards  set  up  by  5  men. 

Again,  "  If  $1^  yards  of  wire  are  set  up  in  24  days,  how  many  yards  will  be  set  up  in  ao  days  f  ** 

The  proportion  would  be  stated  thus :  — 

As  24  days         20  days  576  yards         the  yards  set  up  in  20  days. 

And,  therefore,  resuming  the  statement  obtained  above,  we  have  — 

24  days    :     20  days  576  yardu    :     the  Answer. 

Again,  in  the  above  example  consider  thus :  — 

**  1/  Sl^  yards  of  wire  are  set  up  when  the  men  work  8  hours  a  day^  how  many  yards  will  be 
a$i  up  when  the  men  work  10  h(mrs  a  day  ?" 

This  proportion  would  be  stated  thus :  — 

As  8  hours    :    .10  hours  576  yards         the  yards  set  up  in  days  of  10  hours  each. 

And,  therefore,  resuming  the  statement  obtained  above,  we  have — 

6  men 
24  (lays 
8  hours 


5mfn 

20  days     }    : :     576  yards    :     the  Answer. 
10  hours 


Let  us  now  consider  the  separate  effect  of  altering  each  term  of  the  supposition  to  suit 
the  question. 

(i)  Employing  5  men  instead  of  6  men  will  reduce  the  number  of  yards  set  up  in  the  ratio 
of  6  to  5 ;  therefore,  as  far  that  chuni;;e  alone  is  concerned,  the  576  yards  will  have  to  be 
xnuliiplied  by  the  fraction  f . 

(2)  The  number  of  days  is  decroasod  from  24  to  20.  This  will  decrease  the  number  of 
yards  in  the  ratio  of  24  to  20.  The  efTect  of  that  change  upon  the  answer  will  therefore  be 
to  multiply  it  by  {J. 

(3)  The  alteration  of  the  working  day  from  8  to  10  hours  will  increase  the  number  of 
yards  in  the  ratio  of  8  to  10.  Its  effect,  therefore,  will  bo  equivalent  to  multiply  by  the 
fraction  V* 

We  have  thus  found  the  separate  effects  of  those  changes,  each  of  which  arts  independently 
of  the  other,  and  simply  introduces  its  own  multiplier.  The  conjoint  effect  upon  the  number 
of  yards  will  evidently  be  to  multiply  that  number  by 

that  is  to  say,  the  answer  will  be 

I  X  If  X  ^1^  X  576  yard*  = 

5  X  20  X  \0  X  ^ts  ,       . 

^X$^X^  =  500  yard..  Ans. 

Ex.  2.  If  15  men  working  8  hours  a  day  can  p^ous^h  240  acres  of  land  in  10  days,  how 
many  days  will  it  talce  20  men  workinjij  10  hourfl  a  day  to  plough  6oo  acres? 

Here  the  sunposition  is  that  15  men  plough  240  acre^  in  10  days  of  8  hours.  If,  now,  we 
arninRe  t>ie  demund  in  the  sarno  way  as  the  suppos.tion  it  runs  — 20  men  plough  600  acres 
in  ?  d;«ys  of  10  hours,  and  the  ?  in  the  numb*  r  of  dnys  is  what  wo  have  to  fill  up. 

Ttpi  us  go  on  to  consider  the  s^^parate  effect  of  altering  each  term  of  the  supposition  to 
suit  the  question. 

We  may  take  the  first  park  of  the  question  thus : — 

**IfH  take  15  men  10  days  to  plough  a  piece  of  land,  how  many  days  will  it  take  ao  hmm  /" 
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By  the  rule  of  Simple  Proportion  wo  s^ft  the  following  proportion : — 

20  men    :     15  men    : :     10  days         the  number  of  duys  20  men  will  take. 

npnco,  employing  20  men  instead  of  15  will  evidently  rpduce  tho  numher  of  days  in  the 
proportion  of  15  to  20 ;  therefore,  as  fnr  »s  that  change  alone  is  couc>  rned  the  10  daj's  will 
have  to  he  multiplied  by  \^. 

We  next  consider  the  second  part  of  the  question  thus : — 

^*  If  2^0  acres  are  ploughed  in  10  daya^  how  many  days  will  it  take  to  plough  600  aerea  t" 

By  the  rule  of  Simple  Proportion  we  get  the  following  proportion : — 

As  240  acs.         600  aos.  10  dys.         the  number  of  days  required  to  plough  600  aca. 

Or  again,  consider  that  the  number  of  acres  is  increased  from  240  to  600.  This  will 
increase  the  number  of  days  in  the  ratio  of  600  to  240.  The  effect  of  that  change  upon  the 
answer  will  therefore  be  to  multiply  it  by  428. 

We  next  consider  the  third  part  of  the  question  thus : — 

*'  If  it  take  10  dayt  to  plough  a  certain  number  of  acres  when  the  working  day  ia  8  h^ure,  hoi» 
many  day*  will  it  take  to  do  the  tame  working  10  hours  a  day  f  ** 

Here  we  have  the  following  proportion : — 

10  hours         8  hours  10  days         the  days  of  8  hours  each. 

The  alteration  of  the  working  day  from  8  to  10  hours  will  reduce  the  number  of  days  ia 
the  proportion  of  10  to  8.  Its  eflect,  therefore,  will  be  equivalent  to  multiply  by  the 
fraction  -j^. 

Therefore,  resuming  the  statement  obtained,  we  haye — 

20  men 


240  acres 
10  hours 


15  men 
600  acres 
8  hours 


10  days    :     Ans.^  diys. 


Having  found  the  separate  effects  of  three  changes,  each  of  which  acts  independently  of 
the  other,  and  simply  introduces  its  own  multiplier.  The  conjoint  effect  upon  the  number 
of  days  will  evidently  be  to  multiply  that  number  by 

U  X  m  X  A, 


\0       5J 

15  X  isQQ  X  a 

V}(  X  W  X  \Q 
and  the  answer  is  as  shown  above,  15  days. 


X  XO  days  =  15  days. 


Answer  15  days. 


Ex.  3.  Some  repairs  to  an  engine  have  occupied  16  men  7  weeks,  and  hare  cost 
;^243  16s.  9(d.  for  wages.  Some  larger  repairs  are  necessary,  which  is  exp«^ctcd  will  occupy 
20  men  1 1  week^,  how  much  will  bo  required  to  pay  theoi  at  the  same  rate  of  wages  f 


16  men 
7  weeks 

• 
• 

• 
• 

• 
• 

• 
• 

20  men 
II  weeks 

220 
55 

£    B.     d. 
243  16    9I     : 

5 

1x2 
or,    28 

1219     3  10^ 
II 

4)13411     2    4j 
ag 

7)  335»  15    7—3 

478  19    4i  H 

Answer. 
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Ex.  4.  If  1500  navvies  working  10  hours  a  day  can  cat  a  canal  20  miles  long,  20  feet 
broad,  and  6  feet  deep,  how  many  soldiers  will  it  take  to  make  a  trench  10  miles  long,  30 
feet  wide,  and  5  feet  deep,  supposin;?  that  they  only  work  6  hours  a  day,  and  that  in  the 
same  space  of  time  7  navvies  can  do  the  work  of  10  soldiers  P 

The  arrangement  of  the  work  is  as  follows : — 


hours  per  day 

length,  miles 

breadth,  feet 

depth,  feet 

soldiers  instead  of  navvies 

6 

20 
20 

6 

7 

ro  \ 
10  J 

30  > 
10  / 

X500  men 

jinsteer,  men. 

"5 

5 

5 

^        ^         '^ 

Ex.  5.  If  10  men  dig  a  trench  80  yards  long,  6  yards  wide,  and  2  feet  8  inches  deep,  in 
6  days,  how  deep  a  trench  can  96  men  dig  in  3  days  if  it  be  240  yards  long  and  x6  yards 
wide? 


Men  10 
Length  240 
Width  16 
Days        6 


depth. 
2  ft.  8  in. 

(=  *  yd-) 


Answer, 


Si 


xWxiWQxX^x^-*^^--"'^-^*"^- 


Ex.  6,    A  can  do  a  piece  of  work  in  20  days,  B  in  12  days ;  A  and  B  work  at  it  together 
for  6  days,  and  then  0  joins  it  in  2  days ;  in  how  many  days  could  0  have  done  it  f 

(1)  In  20  days  A  can  do  all  the  work. 

. ' .  in  1  day  A  can  do  ^  of  the  work. 

. ' .  in  6  days  A  does  A,  i.0.,  1%  of  the  work. 

(2)  In  12  days  B  can  do  all  the  work. 

.  * .  in  I  day  B  can  do  1^  of  the  work. 

. ' .  in  6  days  B  does  1%,  t.^.,  J  of  the  work. 

Therefore, — 

(3)  In  6  days  A  and  B,  working  together,  do  {fi^  4*  i)  ^^  ^^®  work,  i.e.,  f  of  the  work. 
And,  therefore,  when  A  and  B  cease  working,  i  of  the  work  remains  to  be  done. 
The  remaining  fifth  is  done  by  G  in  2  days. 

Therefore  C  could  do  all  the  work  in  2  days  X  5>  ••^•1  in  10  days.    Answer,  10  days. 

201.  The  questions  given  in  proportion  are  not  always  set  in  these 
perfectly  simple  terms ;  sometimes  both  care  and  ingenuity  are  required  to 
prepare  the  question  before  it  is  stated  as  a  proportion.  We  shall  accordingly 
now  proceed  to  give  examples  where  the  questions  are  not  put  exactly  in  the 
straightforward  manner  in  which  the  previous  examples  have  been  given ; 
yet  we  shall  show  how  a  little  previous  consideration  will  enable  us  to  reduce 
Bttoh  queetioQ  to  a  plain  proportion. 
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Ex.  7.  If  12  oxen  and  35  sheep  eat  6  tons  7  cwi  of  hay  in  4  da}'8,  how  much  will  it  cost 
per  week  to  feed  4  oxen  and  6  sheep,  the  price  of  hay  being  £1  158.  per  ton,  and  2  oxen 
being  supposed  to  eat  as  much  as  5  sheep  F 

If  the  consumption  of  a  oxen  z=  that  of  5  sheep, 
then  „  12     „    =     „      30     „ 

and  „  4     „    =     „      10     „ 

Also  the  cost  of  6^  tons  of  hay  at  £i\  per  ton  will  be 

3 

£27        XI  _  ^ Asi 
!^Q   X    4  —  ^^«  • 

4 

Hence  the  question  becomes — '*  If  it  cost  ;CW  to  feed  30  sheep  -)-  35  sheep  for  4  days, 
how  much  will  it  cost  to  feed  10  sheep  4-  ^  sheep  for  7  days  f 

65  X  4    :     16  X  7     : :    W    :    ^«m. 

65  X  4  X  ^«».  =  X^  X  7  X  ^ 

Ana.  =  7X38»XAXi  =  Wf. 
=  ;f  10  5s.  liid. 

Ex.  8.  If  6  horses  are  worth  14  cows,  and  10  cows  cost  as  much  as  60  sheep,  and  31 
sheep  cost  ^330,  what  is  the  value  of  16  horses  P 

Such  problems  may  more  easily  be  so^Tcd  by  the  following  prooess : — 

(i)    State  the  several  equations  under  each  other,  as  below — 

Let  X  =  the  number  of  ;^  in  the  Anawir, 
Then  the  value  of  6  horses  =  the  value  of  14  oows, 
„  10  cows    =  the  value  of  60  sheep, 

„  32  sheep  =  ;^33o, 

and  £%  ==  the  value  of  16  horses. 

(2)  Divide  the  product  of  the  numbers  in  the  right  hand  column  by  the  product  of  the 
numbers  in  the  left-hand  column. 


Examples  fob  Fraotigb. 

1.  If  10  men  can  do  a  piec-e  of  work  in  6  days,  working  10  hours  a  day,  how  many  hom 

a  day  must  8  men  work  to  complete  the  same  undertaking  in  15  days  P 

2.  If  the  carriage  of  8  cwt.  for  60  miles  be  19s.,  what  ought  to  be  the  charge  for  sending 

36  cwt.  a  distance  of  38  miles  P 

3.  A  railway  company  charges  £1  8s.  6d.  for  the  carriage  of  19  owt.  for  30  miles,  what 

weight  ought  to  be  carried  21  miles  for  los.  6d.  at  the  same  rate  P 

4.  If  the  sixpenny  loaf  weighs  36  oz.  when  wheat  is  at  55s.  per  quarter,  what  would  bo 

the  weight  of  an  eightpenny  loaf  when  wheat  is  608.  per  quarter  P 

5.  If  3000  copies  of  a  book  of  1 1  sheets  require  66  reams  of  paper,  how  much  paper  will 

be  required  for  5000  copies  of  1 2}  sheets  P 

6.  Some  repairs  to  an  engine  have  occupied  5  men  during  3  weeks,  and  have  cost 

£\i  IDS.  wages;  some  larger  repairs  are  necessary,  which  it  is  expected  will 
occupy  22  men  27  days:  how  much  will  be  reqniied  to  pay  them  at  the  — «*•  nte 
ofwigMP 
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7.  Tho  repairs  to  an  engine  havo  taken  12  men  5  wneka  and  3  days,  and  have  oost 

/^^6  15s.  wages;  some  larger  repiirs  are  ncessary,  which  it  is  expected  will 
occupy  16  men  7  weeks ;  how  much  will  be  required  to  pay  them  at  the  same  rate  P 

8.  If  6  iron  bars  4  ft.  long,  3  in.  broad,  and  2  in.  thick,  weigh  2S8  lbs.,  how  much  will 

15  weigh,  each  6 J  ft.  long,  4  in.  broud,  and  3  in.  thick. 

9.  If  a  page  of  a  newspaper,  consisting  of  6  columns  of  large  print,  contain  205,000 

letters,  how  many  letters  will  be  contained  on  the  page  of  another  newspaper, 
which  consists  of  7  columns  each  as  large  as  one  of  the  former,  there  being  on  an 
average  4S  letters  in  the  second  newspaper  occupying  the  same  space  of  41  of  the 
£rst. 

10.  A  plate  of  copper  2  ft.  long,  9  in.  wide,  and  2  in.  thick,  is  rolled  into  a  sheet  3  ft.  6  in. 

wide  and  1 8  ft.  long ;  how  thick  will  it  be  ? 

11.  Bar  iron  i^  in.  square  and  22  ft.  long  is  rollod  down  to  }>  inch  square;  how  long 

wiU  it  be  ? 

12.  A  horse-power  will  lift  33,000  pounds  one  foot  high  per  minute ;  how  many  gallons  of 

water  per  day  will  an  engine  of  120  horse-power  lift  to  the  height  of  140  fathoms  P 

13.  If  35  men  working  8  hours  a  day  can  build  a  wall  1700  yards  long,  13  ft.  high,  and 

2  ft.  thick,  in  130  days ;  how  many  hours  a  day  must  40  men  work  to  construct  a 
wall  J I  miles  long,  17  ft.  high,  and  2}  ft.  thick,  in  210  days  P 

14.  It  has  been  calculated  that  a  square  degree  (about  69  X  69  square  miles)  of  water 

gives  off  by  evaporation  33  mill  ons  of  tons  of  water  per  day ;  how  much  may  bo 
supposed  to  rise  from  a  square  milo  in  a  week  P 

15.  When  the  mercury  in  the  barometer  stands  at  a  height  of  30  inches,  the  pressure  of 

the  air  on  every  square  inch  of  surface  is  15  lbs. ;  what  will  be  the  pressure  on  the 
human  body — supposing  its  whole  surface  to  be  14  square  feet,  and  that  the 
barometer  stands  at  31  inches  P 

16.  5  compositors  in  16  days  of  14  hours  long  can  compose  20  sheets  of  24  pages,  50  lines 

in  a  paii^e,  and  40  letters  in  a  line;  in  how  many  days  of  7  hours  long  may  10 
compositors  compose  a  volume  to  be  printed  in  the  same  letter,  containing  40 
sheets,  i6  pages  in  a  sheet,  60  linos  in  a  page,  and  50  lutters  in  a  line  ? 

17.  If  If 00  men  make  10  miles  of  railroad  in  3  months,  how  long  will  it  take  2750  men 

to  make  75  miles  P 

18.  The  driving  wheel  of  a  locomotive  engine  5  feet  in  diameter  turned  2500  times  ia 

going  6  miles.  Sapposing  the  circumference  of  a  circle  to  be  3*1416  times  the 
diameter,  find  what  distance  was  lost  owing  to  the  slipping  of  the  wheel  on  tho 
raUP 

19.  If  a  man  travels  99  miles  in  3  days  by  walking  8  hours  a  day,  in  what  time  will  he 

travel  540  miles  by  walking  6  hours  a  day  P 

20.  If  8  men  can  dig  a  trench  too  ft.  long,  3  ft.  broad,  and  4  ft.  6  in.  deep  in  9  days,  how 

many  will  be  required  to  dig  a  trench  80  ft.  long,  5  ft.  broad,  and  2  ft.  deep  in 
5 J  days? 

21.  If  7  fires  burning  10  hours  a  day  consume  4  tons  10  cwt.  of  coal  in  30  days,  how 

much  coal  will  be  consumed  by  20  fires  in  12  days  burning  for  14  hours  a  day  P 

22.  If  5  pumps,  each  having  a  length  of  stroke  of  3  feet,  working  15  hours  a  day  for  5 

days,  empty  the  water  out  of  a  mine,  how  many  pumps  with  a  length  of  stroke  of 
2|  feet,  working  10  hours  a  day  for  12  days  will  be  required  to  empty  the  same 
mine,  the  strokes  of  tho  former  set  of  pumps  being  performed  four  times  as  fast  aa 
those  of  the  Litter  P 
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202.  As  in  some  sort  a  sequel  to  the  rule  of  proportion,  we  place  next  the 
method  of  finding,  by  proportional  parts,  into  what  portions  any  quantities 
should  be  divided,  when  the  ratio  which  the  several  required  parts  bear  to 
one  another  is  given.  Mobt  questions  under  this  head  might  be  solved  by 
making  several  statements  in  proportion ;  but  the  simpler  process  by  which 
the  result  may  be  arrived  at  will  now  be  explained. 

Examples. 

Ex.  I.  Let  it  be  required  to  divide  the  numbnr  into  two  parts  which  shall  bear  to  one 
another  the  ratio  of  6  :  7. 

We  have  here  to  find  two  numhers  which  shall  together  make  up  9:,  and  shall  be  in  the 
ratio  of  6  :  7. 

Now  wo  may  either  say  that  the  first  of  the  two  numhers  in  the  given  ratio  is  to  the  sum 
of  those  two  numhers  as  the  first  of  tho  required  parts  is  to  the  wholo  number  91,  which 
would  give  us  the  statement —  • 

6  13  Ans.     :     91 

Am.  =  a  X  91  =  42. 

Op  we  may  directly  apply  the  following  rule : — 

EULE  LVIII. 

"  Form  fractions  tohich  shall  have  the  numbers  composing  the  given  ratio  as  the 
numerators,  and  the  sum  of  these  numhers  as  the  common  denominator y  take  these 
fractional  parts  of  the  proposed  quantity ;  they  will  be  the  parts  required V 

This  would  give  us — 

Aof9i  =6  X  7  =4> 
A  of  91  =  7  X  7  =  49 

The  reason  of  the  above  rule  may  be  thus  explained :~  A  ^^d  A  ^'^  clearly  in  the  ratio 
of  6  :  7,  as  likewise  are  A  o^  9'  ^^d  A  o^  9' »  ^r  ^^  may  multiply  and  divide  both  the 
terms  of  any  ratio  by  the  same  quantities  without  thereby  altering  the  value  of  the  ratio. 
Again,  A  added  to  A  makes  il  or  i ;  therefore  A  o^  9'  added  to  A  of  91  will  make  91. 
But  the  conditions  of  the  problem  before  us  only  required  that  we  should  find  two  numbers 
which  were  in  the  ratio  of  6  :  7,  and  which,  when  added  together,  would  make  91.  Hence 
A  of  91  and  A  of  91  are  the  numbers  requiroj. 

Ex.  2.    Divide  the  sum  of  ;^95  os.  2 1.  among  3  persons  in  the  ratio  of  ^^  \,  ^. 

J  +  i  +  i  =  A  +  A  +  A  =  «. 

Therefore  the  fractions  are  — 

i  -r  \h  or  A;  i  -f-  iJ.  or  A;  i  -r  if.  or  A. 
and  A  of;f95  oj.  ad.  =  6  X  (£l  6s.  2d.)  =jf43  17s.  od. 
A  of  ^95  OS.  2d.  =  4  X  (£l  6s.  2d.)  =;f29    48.  8d. 
A  of/95  OS.  2d.  =  3  X  (£l  6a.  ad.)  =/2i  i8s.  6d. 
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Ex.  3.    Divide  ;f  1278  among  three  persons  in  the  ratio  of  13,  17,  and  41. 
By  the  rule— 13  +  *7  +  4'  =  7»' 
Therefore  the  fractions  are  -)f,  Ht  '^^  H* 

«0f;fl278=;f234\ 

ff  of;fi278  =;f3o6  ^  Answer: 

Ex.  4.  A  bonus  of  £^^0  is  to  be  divided  among  3  engineers  in  proportion  to  their  wages. 
The  first  has  received  jf^oif  the  second  ;C34i,  and  the  third  £i%$ :  what  amonnt  of  the 
)f  140  does  each  receive  P 

ist  jC><>i 
2nd  1^341 
3rd  ;f  1 85 

727 
Therefore  the  fractions  are  ff  f,  f $f,  and  Iff. 

WX  140=^38  i4«.  i«fd. 
IHX  I40  =  ;f65  i38.4YVVd. 

«f  X  I40  =  ;f}5    I28.6|»d. 


Total    ;Cho    o    o 

If  the  terms  of  tho  given  ratio  are  expressed  as  fractions,  it  is  better  to 
reduce  them  to  integers,  and  then  proceed  as  above. 

Ex.  5.    Divide  ;f  1580  into  parts  proportional  to  i},  i^,  li. 

Multiplying  by  20  :  1}  :  i^  :  li  =  30  :  25  :  24  and  the  parts  required  are  f  S  of  £is%o  = 
,C6oo,  f »  of  ;f  1580  =  £soo,  «  of  ;i'i58o  =;f48o. 

Ex.  6.  Gunpowder  is  made  up  of  nitre,  sulphur,  and  charcoal,  which  are  mixed  in  this 
proportion,  75  parts  of  nitre  to  10  of  sulphur  and  15  of  charcoal ;  in  htilf  a  ton  of  powder 
how  many  pounds  of  each  ingredient  P 

75  4-  10  4-  15  =  100,  and  ^  ton  =  1120  lbs. 
Hence  1^  of  11 20  ==  f  of  11 202  =  840  lbs.  nitre. 

1^%  of  1 120  =  iV  of    1 120  =  1 1 2  lbs.  sulphur. 
1^  of  1120  =  f  of     112  =  168  lbs.  charcoal. 

Examples  fob  Pbactioe. 

I .    Divide  tne  number  100  into  two  parts  which  shall  have  to  one  another  the  ratio  of  2  :  3. 

a.    Divide  the  number  45  into  three  parts  which  shall  be  to  one  another  in  the  ratio  of 
7,  5,  and  3. 

3.  Divide  the  number  2679  into  parts  which  shall  be  to  one  another  in  the  ratio  of 

J,  J,  and  i. 

4.  Of  a  certain  dynasty  |rd  of  the  kings  are  of  one  name,  ^th  of  another  name,  ^th  of 

another,  and  V^th  of  another,  and  there  are  10  kings  besides ;  wh<it  is  the  number 
of  kings  in  the  dynasty  P 

5.  .  A  bonus  of  ^150  is  to  be  divided  among  three  engineers  in  proportion  to  their  length 

of  service  in  the  employ.    The  let  has  served  2  years  2  months,  the  2nd  has  served 
I  year  9  months,  and  the  3rd  only  3  months,  how  much  should  each  receive  f 

6.  A  bonus  of  ;£'i20  is  to  be  divided  among  three  engineers  in  proportion  to  the  pay 
received.  The  ist  has  received  £  142,  the  2nd  has  received £iiS^  and  the  3rd  jf 4a, 
how  much  will  each  get  of  the  bonus  f 


t6i 
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INTEREST,  DISCOUNT,  PER  CENTAGE,  &o. 


INTEREST. 

203.  When  one  person  lends  another  a  sum  of  money,  this  sum  is  called 
the  PHneipal. 

The  money  which  the  borrower  pays  to  the  lender  for  the  use  of  his  money 
is  called  the  Interest, 

Interest  is  generally  reckoned  at  so  much  for  every  /'loo  lent,  for  every 
year  during  which  the  loan  continues;  this  is  called  the  Hatio  per  cent,  per 
annum. 

Thus,  if  A  lends  B  a  sum  of  money  at  3}^  per  cent,  per  annum,  B  will  pay 
A  £1  I  OS.  for  every  /^  1 00  he  has  borrowed,  every  year  as  long  as  he  keeps  it. 

When  the  Interest  of  the  Principal  alone  is  taken,  it  is  called  Simple 
Interest;  but  if  the  interest,  as  soon  as  it  becomes  due,  be  added  to  the 
principal,  and  interest  be  charged  upon  the  whole,  it  is  called  Compound 
Interest, 

204.  The  solution  of  questions  in  Simple  Interest  depends  upon  an  eany 
practical  rule,  deduced  from  Simple  Proportion,  «.y.,  if  it  be  required  to  find 
the  simple  interest  on  £^S^  for  i  year  at  4  per  cent,  we  should  say,  *'  If /*ioo 
in  one  year  gain  jf^  as  interest,  what  will  jfSS^  gain  in  the  same  time  ?  ** 

£100    :    £Z%s    ''    £4    i    £,  -dmwer. 


100 


_  885  X  4 

Hence  we  deduee  the  rul< 


EULE  LTX. 
Multiply  the  Principal  ly  the  rate  per  cent,,  and  divide  ly  100. 

It  if  therefore  unnecesfary  to  state  each  sam  as  a  proportion,  became  the  diyition  by  100 
being  efiected  in  whole  numbers  by  cutting  off  with  a  decimal  point  the  last  two  figarei, 
and  in  decimals  by  shifting  the  decimal  point  two  places  to  the  left^  it  is  the  easie<«t  plan, 
generally,  instead  of  reducing  the  quantities  by  cancelling,  to  multipl}'  the  principal  at  once 
by  the  rate  per  cent.,  and  then  effect  the  diyiaion  by  100  ({58  (4},  page  53), 
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Examples. 
£x.  X.    Find  the  interest  for  a  year  of  £ns  at  4^  per  cent. 

375    o  Here,  in  dividing  the  ;f  1687  los.  by  loo,  we  do  not  put  down 

4i  the  100,  but  cut  off  the  last  two  figures  of  the  pounds,  giving  a 

■"■^  quotient  1 6,  and  remainder  87 .    We  then  reduce  to  shillings,  Ac., 

187  10  ^  ^  ordinaty  Long  Diviaion  (see  page  53}. 


;f  16  I  87  10 
ao 

••    «7  I  50 
la 

d.     6  I  00 

To  find  the  simple  interest  for  a  term  of  years  we  may  either  multiply  th« 
interest  found,  as  in  the  last  example,  by  the  number  of  years,  or  multiply 
the  principal  before  we  divide  by  the  100. 

Ex.  a.    Find  the  simple  interest  on  £itTS  ^'O'  l\  years,  at  5  per  cent 

;f"7S 
5 

113*75    =:  interest  for  i  year. 
3* 

34"5 
56875 

;C398xa5  :=  interest  for  3^  years, 
ao 

s.  a*5oo 
la 

d.  6*0  Afmfftr,  £$9^  as.  6d. 

DISCOUNT. 
309.    Disoonnt  is  the  abatement  made  upon  a  debt  in  consequence  of 
money  beings  paid  before  it  was  due,  the  value  of  this  accommodation  being 
reckoned  in  the  same  manner  as  simple  interest. 

EXAMPLB. 

Ex.  I.    What  is  the  discount  of  ;^6ia  17s.  6d.,  due  9  months  hence,  at  5  per  cent  per 
annum  P 

£6i%  17s.  6d.  £10  I  as.  4d. 

5  3 

^30  1 64    7    6  4)91  17    o 

30  _^ 


s.  la  I  87 
xa 

d.    10  I  50 

4 

a  I  o 


aa  19    s 


9  months  =  A  =  i  of  a  year. 
Discount  for  xa  months  =         £10    is.  xojd. 
„  9  months  =  f  of  ^^30    is.  xo|d. 


pi:r  centage, 

206.  In  the  preceding  examples  in  the  chapter,  wherever  the  term  "Per 
Cent."  occurs,  it  referred  to  £\oo  money;  there  are,  however,  cases  in 
which  the  term  Per  Cent,  occurs  where  the  reference  is  not  to  ^100  money, 
but  to  the  number  100  where  the  unit  is  an  abstract  number  of  a  different 
kind  from  the  above-mentioned. 

All  such  examples  depend  on  the  principles  of  proportion ;  some  examples 
will  now  be  worked  by  way  of  illustration,  and  others  subjoined  for  practice. 

EZAMFLES. 

Ex.  I.    Find  how  much  per  cent.  7  ii  of  16. 

la  other  words,  the  question  is,  "  Find  what  number  bears  the  same  ratio  to  100  that  7 
bean  to  16." 

16    :    7    ::     100    :    number  required. 

16      —  ^3  75' 

Ex.  s.    In  standard  gold  11  parts  out  of  12  are  pure  gold,  how  much  per  cent,  is  dross  P 

In  every  is  parts  x  part  is  dross, 
.*.  IS    :    I  xoo    :    per  oent,  of  dross, 

.  * .  per  cent,  of  dross  =  ^-^77-^  =  8J. 

Ex.  3.  If  8  per  cent,  of  the  persons  employed  in  a  factory  in  which  625  persons  were 
engaged  were  women,  what  was  the  total  number  of  the  women  employed  ? 

As  8  ':  xoo  : :  the  women  in  the  factory  :  the  total  number  of  persons  engaged  therein, 

t.«..  As  8    :     100    : :    the  Ant.    :    625  persons, 

25       1 
•'.«.,  the  Ant,  =    ^^^   ■  =  50  women. 

\ 

Ex.  4.  Two  years  ago  an  engineer's  wages  were  £16  per  month,  and  were  then  increased 
IS  per  cent.,  but  now  being  slack  times,  they  are  to  be  decreased  by  15  per  cent,  what  will 
ba  the  present  wages  f 


100 

12 
IZ2 

too     :     112     ::    £16     :     x 
16 

112 
£iT9^  increased  wages. 

100 
8j 

100    ; 

:     85 

'•'  £^r9* 
85 

8960 

«433« 

;fi5»3»^ 
ao 

s.    4'64'Sl 
12 

d.      768 
Annoirf  £1$  4s.  7*68d. 
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Ex.  5.  An  engineer  is  to  be  allowed  3}  per  cent,  on  all  coal  left  at  the  end  of  the  voyage ; 
what  will  be  the  money  value  to  him  if  he  has  95  tons  left,  coals  selling  at;^i  2s.  6d.  ? 

95  tons  of  coal  at/i  2s.  6d.  per  ton  "=£1  is.  6d.  X  95  =;f  106  178.  6d. 

;f  100    :    £106  178. 66,      :    £2^    :    the  Arnwer, 
3i 

320  12    6 
53     8    9 

£yi4^  »   3 
20 

8.  14*81 
12 

d.  975 

4 

q.  3'oo  Answer,  £1  148.  9^. 

Ex.  6.  The  consumption  of  coal  is  42  tons  per  day,  after  a  few  days  it  increaaes  to  44 
tons,  what  is  the  increase  per  cent.  P 

Here  the  increase  is  a  tons  on  42  tons. 

42         100    IX    1    \    th$ Anttoir. 

21 

Ex.  7.  The  distance  sailed  as  fonnd  from  the  pitch  and  revolntions  of  the  propeller  is 
46  miles,  bat  the  actual  distance  sailed  as  found  by  the  chart  is  44  miles :  required  the  slip 
of  the  screw  per  cent  P 

Distance  from  engines  46  46  miles    :     100  miles    : :    a    :    Answer. 

„       by  chart         44 

100  y  2  _4  V 

Slip        2  ~76~  =  ^'^^  ^  ^*  "^'P- 

EXAIIFLES  FOB   PbAOTICE. 

Find  the  simple  interest 

I.    On  £4TS  for  3  years  at  5  per  cent. :  on  £9^6  7s.  3d.  for  2  years  at  4  per  cent. 

a.    On  £ss6  13s.  4d.  for  6  years  at  5  per  cent.     3.     On  jC945  i^*  ^^r  2  years  at  4  per 
cent. 

Find  the  discount  of 

4*    £v  '3'*  A^'  ^^^  4  months  at  4  per  cent:    £1^*  38.  due  2 J  years  at  4}  per  cent: 
^^1649  due  6  months  at  4  ppr  cent. 

5.  now  much  per  cent,  is  15  of  96;  19  of  81 ;  23  of  256;  185J  of  7321*75. 

6,  An  engineer's  wages  was  1^17  per  month  which  was  afterwards  increased  by  18  per 

cent.,  but  times  having  becomo  slack  they  are  decreased  by  16  per  cent. :   what  is 
present  rate  of  wages  ? 
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207.  If  a  number  be  multiplied  by  itself,  the  product  is  called  the  second 
power,  or  the  square,  of  that  number.  If  this  also  be  multiplied  by  the  same 
number,  the  product  is  called  the  third  power,  or  the  euhe,  of  that  number ; 
and  60  on  for  the  fourth  power,  fifth  power,  Sfe,  This  raising  of  powers,  which 
is  also  called  Involntion,  is  therefore  nothing  more  than  multiplying  together 
equal  factors,  and  is  easy  enough. 

Powers  are  denoted  by  a  small  figure  placed  above  the  given  number  at  the 
right  hand. 

This  figure  is  called  the  index  or  exponent.  It  shows  how  many  times  the 
given  number  is  employed  as  a  factor  to  produce  the  required  power.  Thus 
the  index  of  the  first  power  is  i ;  but  this  is  commonly  omitted,  that  is 
2^  =  2.  The  index  of  the  second  power  is  2,  the  index  of  the  third  power 
is  3,  the  index  of  the^^A  is  5,  &c.     That  is,  taking  3  as  the  root : — 

3*  =:  3,  the  first  power  of  3. 

3*  =  3  X  3f  the  square,  or  second  power  of  3. 

3»  =  3  X  3  X  3f  the  cube,  or  third  power  of  3, 

3*  =z  3  X  3  X  3  X  3»  the  bi-quadrate,  or  foarth  power  of  3. 

3»  =  3X3X3X3X3.  the  fifih  power  of  3,  &c. 

But  the  reverse  operation — that  is,  to  find  the  factor  which,  being  involved 

in  this  manner,  shall  produce  a  given  number — is  a  problem  not  so  readily 

disposed  of.     The  factor  referred  to  is  called  the  root  of  the  power ;  so  that 

the  reverse  problem  spoken  of,  t.^.,  the  process  of  resolving  numbers  into  equal 

factors,  is  called  Evolntion,  or  the  Extraction  of  Boots.* 

Powers  aDd  Hoots  are  therefore  correlative  tenni.  If  one  namber  is  a  power  of  anoth^ 
the  latter  is  a  root  of  the  latter.  Thus  17  is  the  cube  of  3  and  3  is  the  cube  root  of  27.  The 
learner  will  be  careful  to  observe  that  in  subtraction  a  namber  is  resolved  into  two  parts; 
in  divwottf  a  number  is  resolved  into  two  factors  \  in  evotution,  a  number  is  resolved  into 
egualfactort. 

Rooti^  as  well  as  powers,  are  divided  into  different  orders; — Thus,  when  a  number  is 
resolvid  into  two  equal faetorSf  each  of  these  factors  is  called  the  second  or  square  root;  when 
resolved  into  three  equal  factors^  each  of  these  factors  is  called  the  third  or  cube  root,  and  so 
on.  The  name  of  tlie  root  expresses  the  number  of  equal  factors  mto  which  the  given  number  is  to 
be  resolved. 

Hoots  are  expressed  in  two  ways ;  one  by  the  radical  sign  (•)  placed  before 

a  number,  the  other  by  a  fractional  index  placed  above  the  number  on  the 
right  hand.     Thus  V^,  or  4^,  denotes  thft  square  or  2nd  root  of  4;  V*  27,  or 

*  **  The  extraction  of  the  square  root  answers  the  two  following  questions : — 

I.  Let  there  be  three  quantities,  such  that  tho  first  :  second  : :  second  :  third,  where 
the  first  and  third  are  given,  what  is  the  second  P  Evidently  the  result  of  the  proportion  is 
that  the  product  of  the  second  into  itself  is  equal  to  the  product  of  the  first  and  third,  or,  in 
other  words,  the  second  is  the  square  root  of  the  latter  product.  This  is  called  finding  a 
mean  proportional.  Thus,  to  find  a  mean  proportional  between  7  and  63,  we  take  the 
square  root  of  7  X  63,  or  of  441,  viz.,  ai.  This  evidently  satisfies  the  proportion 
7  :  ai  : :  21  :  63. 

a.  Qeometrically  it  solves  the  following  question.  Given  the  length  and  breadth  of  a 
rectangular  figure,  to  find  the  side  of  a  square  which  will  have  the  same  sorfliice.  Thii  is 
merely  the  geometrical  statement  of  the  first  question." 
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27*,  denotes  the  cube  of  3rd  root  of  27 ;  V'*  16,  or  i6^,  denotes  the  4th  root 
of  16. 

The  figure  placed  over  the  radical  sign  denotes  the  root,  or  the  namber  of  equal  factors  into 
\vhich  the  given  number  is  to  be  resolved.     Thn  figure  for  the  square  root  is  usually  omitted, 
and  simply  the  radical  sign  ]/  is  placed  before* the  given  number.    Thus,  the  square  root  of 
^  25  is  written  y'  25. 

When  a  root  is  expressed  by  a  fractional  index,  the  denominator,  like  the  figure  oyer  the 
radical  sign,  denotes  the  root  of  the  given  number.    Thus,  (25)^  denotes  the  square  root  of 

*S  •  {^l)i  denotes  the  cube  root  of  27. 

A^  fractional  index  whose  numerator  is  greater  than  i,  is  sometimes  used.  In  such  oaees 
the  denominator  denotes  the  root,  and  the  numerator  the  power  of  the  given  number.  Thus, 
8}  denotes  the  tquare  of  the  cube  root  of  8,  or  the  cube  root  of  the  tquare  of  8,  each  of  which 
is  4. 

The  radical  sign  |/,  is  deriyed  from  the  letter  r,  the  initial  of  the  Latin  radix,  a  root. 
208.     To  extract  the  equare  root  of  a  given  number  is  to  find  a  number, 
which,  when  squared,  or  raised  to  the  second  power,  or,  which  is  the  same 
thing,  when  multiplied  by  itself,  shall  reproduce  the  given  number.     The 
rule  for  this  operation  is  as  follows : — 

EULE  LX. 
1°.  Divide  the  given  number  into  periods  of  two  figures  each,  by  setting  a 
point  over  the  place  of  units,  another  over  the  place  of  hundreds,  and  so  on,  over 
every  second  figure,  both  to  the  left  hand  in  integers  and  to  the  right  hand  in 
dscimals.  Always  begin  to  point  at  the  place  of  units ;  or  if  the  number  to  be 
extracted  be  entirely  decimal,  put  a  cypher  in  the  unites  place,  and  over  it  pui 
the  first  point  and  mark  successively  over  every  second  figure  to  the  right, 

KoTR. — The  reason  for  separating  th'e  figures  of  the  dividend  into  periods  or  portions  of 
tw.o  places  each  is,  that  the  square  of  any  single  figure  never  consists  of  ooore  than  two 
places ;  the  square  of  a  number  of  two  figures  of  not  more  than  four  places,  and  so  on.  80 
that  there  will  be  as  many  figures  in  the  root  as  the  given  number  contains  periods,  or 
dtvidedf  or  parted  off.  If  the  number  of  figures  be  even,  we  shall  therefore  have  two  figures 
in  every  period ;  but  if  odd,  the  first  period  on  the  left  will  have  but  a  single  figure. 

The  number  of  points  over  the  whole  numbers  and  decimals  will  show  respectively  the 
number  of  figpiree  in  the  integral  and  decimal  parts  of  the  root.  Thus,  if  the  given 
number  were  81 15'23,  place  the  first  over  the  5,  and  mark  from  it  to  the  right  and  left  thus, 
8115*23.  If  the  given  number  were  85*342,  first  make  the  decimal  places  even  in  nnmbtr 
thus,  85*3420,  and  then  point  85*3426. 

2^.  Find  the  greatest  square  in  the  first  period  on  the  left  hand,  and  set  it9  root 
on  the  right  hand  of  a  given  number,  after  the  manner  of  a  quotient  figure  in 
division. 

3^.  Subtract  the  square  thus  found  from  the  same  period,  and  to  the  remainder 
annex  the  two  figures  of  the  next  following  period. 

4^.  Double  the  root  above  mentioned  for  a  divisor,  and  find  how  often  it  is  oofs' 
tained  in  the  said  dividend,  exclusive  of  its  right  hand  figure  ;  and  set  that  qwtimU 
figure  both  in  the  quotient  and  divisor. 

5®.  Multiply  the  whole  augmented  divisor  by  this  last  quotient  figure,  ami 
subtract  the  product  from  the  said  dividend,  bringing  down  to  it  the  next  period  of 
the  given  number  for  a  new  dividend. 

6^    Sipeai  the  eame  proaeoe  over  agaim,  via.,  find  another  divieor  iy  ioMmf 
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all  the  figures  now  Jound  in  the  root ;  from  which,  and  the  last  dividend,  find  the 

next  figure  of  the  root  as  before;  and  so  on  through  all  the  periods,  to  the  last. 

The  best  way  of  doubling  the  root  figure,  to  form  the  new  divisor,  is  by  adding  the  last 
figure  always  to  the  last  divisor,  as  appears  in  the  following  examples.  Also,  after  the 
figures  belonging  to  the  given  number  are  all  exhausted,  the  operation  may  be  continued 
into  decimals  at  pleasure  by  adding  any  number  of  periods  of  cyphers,  two  in  each  period. 

FjTAM?T.K8. 
£1.  X.    Extract  the  square  root  of  188356. 

Explaneium, — Divide  the  number  into  periods  of  two  figures,  thus :  begin 

88 '  '6(  ^^  ^^^  ^^  figure  6,  count  two  figures  towards  the  left,  and  place  a  dot  over 

.  I  2^  ^^  ^^^^    the  figure  3 ;  count  two  more  and  place  a  dot  over  the  8 ;  and  so  on,  till 

._  there  are  no  more  figures.    Take  the  figures  lo  the  right  of  the  last  dot  1 8 

83  I  283  and  find  the  number  which  being  multiplied  by  itself  will  give  18;  there 

3  I  M9  is  no  number  that  will  do  so  exactly,  for  4  X  4  =  16,  and  5  X  5  =  25, 

TTT        "  the  former  being  too  small,  and  the  latter  too  large ;  we,  however,  take  the 

14  «6  smaller  number,  viz  ,  4,  and  place  it  in  the  quotient,  and  its  square  (16) 

under  18,  take  the  difference,  and  bnng  down  the  next  two  figures  83.    To 

get  the  next  divisor  double  the  root  already  obtained,  viz.,  4,  which  give  8,  then  8  into  28 

goes  three  times ;  then  set  that  quotient  figure  3  after  quotient  figure  4,  and  also  after  8  in 

the  divisor ;  multiply  the  whole  augmented  divisor  83  by  the  quotient  3,  and  place  this 

prodnct  249  under  283,  and  take  the  difference  which  is  34 ;  next  bring  down  the  remaining 

period  56 ;  add  the  last  figure  in  the  root,  3,  to  the  last  divisor,  83,  which  make  86 ;  then 

■06  how  often  it  is  contained  in  3456,  four  times,  place  the  four  in  the  quotient  and  also  after 

the  divisor  86,  which  make  864,  then  four  times  this  is  3456 ;  and  since  there  vs  no  remainder 

ve  have  found  the  exact  square  root. 

Ex.  2.  Extraetum  of  the  Sqmtrs  Moot, 

Oiven  number  Boot  found,  figure 

OtfisQn.       pointed.  by  figure,  as  below. 


)3219000000     (5*6736 

First  p0ru>d  32 ;  nearest  square,  25 ;  root,  5.    Put  5  in  the  root  and 
25  subtract  25  from  32. 

106)    719  Remainder  7 ;  bring  down  next  period,  19  double  5  (lo),  which  place 

in  divisor. 

Cut  off"  one  figure  from  7 19,— 7 1.    This  contains  the  divisor  10  seven 

times;  try  7,  as  follows:    annex  it  to  divisor,  107  ;    multiply  bv  it, 

107  X  7  is  749  :   this  is  greater  than  719  ;  7  will  not  do.     Try*  6. 

636  Th«n  106  X  6  is  636—1^88  than  719.     Put  6  in  the  root  and  in  the 

divisor,  and  subtract  636  from  719:   remainder,  83.     Bring  down 

1 127)       8300  next  period,  00;   add  6  last  found  to  106,  giving  new  divisor,  112. 

7889  But  one  figure  from  8300—810.    This  contains  112  seven  times. 

»  ■  Try  7,  and  1 1 17  X  7  is  7889.    Put  7  in  the  root  and  in  the  divisor, 

and  subtract  7889  from  8300. 

"343)        41 100        Remainder,  411.    Bring  down  next  period,  00;  add  7  last  found  to 

1 1 27,  giving  new  divisor  1134.     Cut  one  figure  from  41 100  := 

41 10.    This  contains  1 134  three  times :  trial*  no  longer  necessary. 

34029  Put  3  in  the  root,  annex  3  to  divisor,  giving  11 343.     Subtract 

1 1 343  X  3»  o'  340*9- 

113466}  707100    Remainder,  7071.    Bringdown  last  period,  00;  add  3  last  found  to 

1 1 343,  giving  new  divisor  11 346.    Cut  one  figure  from  707100  := 

680796        707 JO.    This  contains  11 346  six  times.    Put  6  in  the  root;  annex 

■  6  to  divisor,  giving  11 3466.    Subtract  113466  X  6,  or  680796. 

26304    Remainder,  26304 ;  less  than  half  of  1 13466,  which  riiows  that  there 

is  no  occasion  to  change  the  last  found  6  into  7,  to  have  the  nearest 

decimal  of  four  places. 

*  This  trial  will  rarely  be  necessary  after  the  second  step.  80  that  having  cut  one  fi;;ure 
from  the  increased  remainder,  the  number  of  times  which  the  divisor  is  therein  contained 
may  bo  written  down  on  the  light,  and  the  whole  division  thus  alt$rsd,  multiplied  by  its 
laat  figure. 
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Ex.  3.    Find  the  square  root  of  29506624. 


•  •  •  • 


29506624(5432 

104  I  450 
4  I  416 


1083  I  3466 

10862  I  21724 
21724 


Ex.  4.  Find  the  square  root  of  3 1 640625 


•  •  •  « 


31640625(5625 
5  I  25 

106  '  664 
6  I  636 


1122 

2 


28c6 
2244 


1 1245  I  56225 
56-125 


Ex.  5.  Extract  the  square  root  of  100406552374249. 


I  I  100406552374249(1 
I  r 


2  I  00 


20  I  0040(10 


2001 1  004065(1002 
2  I  4004 

2004 1    6152 

S00403  I  615237(100203 
3  I  601209 

200406  I   1402842 


>»•■•■•>— #1 


20040607    I  140284249(10020307 
J40284249 


Wherever  a  dotted  line  occurs,  the  augmented  remaindor,  with  (ho  last  fi2ure  cut  off,  is 
found  not  to  contain  the  dividend,  a  new  period  is  broni^ht  down  below  the  line,  u  cypher 
is  iinncxed  to  the  divisor  and  to  thn  root  (also  brought  down),  and  the  fi«j^uro  which,  after 
this,  answers  the  purpose,  appears  at  the  end  of  the  divibor  and  of  the  root.  There  being 
no  remainder  the  exact  square  root  is  10020307. 

The  student  ihould  perform  the  preceding  operation  in  this  form : — 


I 

I 


100406552374249(10020307 


200t  I  004065 
2  I   4004 

200403  I    615237 
3  I    6OJ2C9 

20040607  I    140284249 
140284249 


We  must  notice  one  more  case  in  which  a  cj'pher  may  occur.    We  will  first  write  the 
beginner's  attempt,  as  it  would  be  if  he  were  not  cautious. 
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Ex.  6.    Extract  the 

square  root  of 

2034. 

Firtt  Attempt. 

Oorrected  Froeeu, 

•      •        • 

4    2034-00, 
4     i^ 

&c.  (451 

•         •             m 

4    2034*00,  &0.  (45*09,  &c. 
4    16 

85    434 
5    425 

85    434 
5    4*5 

901  1    900 
901 

9009    90000 
9    81081 

2018  1    8919 

In  the  first  he  has  gone  wrong,  for  though  900  stripped  of  its  last  figure,  contains  90  once 
exactly,  yet  901,  the  new  figure  being  annexed,  is  not  contained  in  900.  He  therefore  puts 
a  cypher  in  tiie  divisor  and  the  root,  and  brings  down  another  period.  The  decimal  point 
of  the  root  figure  always  precedes  that  root  figure  in  forming  which  the  first  decimal  period 
was  used,  annexed  cyphers  being  always  considered  as  decimals.  If  periods  of  cyphers  be 
thrown  away  in  the  beginning  of  the  operation,  the  root  is  all  decimal,  and  has  a  cypher  at 
the  beginning  for  every  period  so  thrown  away ;  but  this  rule  does  not  apply  to  the  throwing 
away  of  a  single  cypher  (not  a  whole  period)  at  the  beginning,  or  to  a  cypher  in  the  unit's 
place. 

EXAlfPLKB   FOB  PRAOnOQB. 

In  the  following  examples,  the  nnmber  whose  root  is  to  be  extracted  is  in 
the  first  column ;  the  pointing  at  full  length  in  the  second ;  the  same  with 
the  decimal  point  and  preliminary  cyphers,  if  any,  thrown  away,  in  the  third ; 
and  the  answer  in  the  last. 


NO.  OIVIN. 

DO.  POINTBI). 

DO.   SDfPLlFIRD. 

SaUABB  BOOT. 

(nbarlt). 

•I 

•          •          • 

0*1000,  &C. 

•     • 

1000,  &C. 

*3i6227766o2 

•85 

•         •         • 

0*8500,  &c. 

8500,  &c. 

•92195444573 

•0683 

.... 

0*068300,  &c. 

•        •         • 

68300,  &c. 

•261342686907 

*oo68 

.... 

0*006800,  &C. 

9          m 

6800,  &C. 

'082462II25I2 

9*79 

.        .       •       . 

9*7900,  &c. 

97900,  &c 

3*12889756943 

97'9 

... 

97*9000,  &c. 

•       .       • 

979000,  &c. 

9*89444288 

209.    When  the  root  is  to  be  extracted  to  many  places  of  figures,  the  work 
may  be  considerably  shortened,  thus : — 

BULE  LXI. 

Proc$0d  in  the  extraction  as  in  the  common  method^  tiU  there  he  found  half  the 
required  number  of  figuiree  in  the  rooty  or  one  figure  more  ;  then  for  the  rest^  divide 
the  last  remainder  by  its  corresponding  divisor^  after  the  manner  of  contraction  in 
decimab. 
z 
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Example. 

Ex.  I.    The  following  is  the  extraction  of  the  sqnare  root  of  12  to  12  decimal  places  by 
this  method  :— 

12*000000000000  (3*464101615138 
9 


64 

4 

300 
256 

686 
6 

4400 
41 16 

6924 

4 

28400 
27696 

69281 

I 

70400 
69281 

69282 

01  11190000 
6928201 

4261799 
415692 I 

104878 
69282 

35596 
34641 

955 
693 

262 
208 

54 

55    The  nearest.    The  8  not  so  much  too 

—  great  as  7  would  be  too  smalL 

210.  To  extract  the  square  root  of  a  vulgar  fraction,  if  the  numerator  and 
denominator  of  the  fraction  be  perfect  squares,  we  may  find  the  square  root 
of  each  separately,  and  the  answer  will  thus  be  obtained  as  a  vulgar  fraction ; 
if  not,  we  can  first  reduce  the  fraction  to  a  decimal,  or  to  a  whole  number 
and  decimal,  and  then  find  the  root  of  the  resulting  number.  The  answer 
will  thus  be  obtained  either  as  a  decimal  or  as  a  whole  number  and  decimal, 
according  to  the  case.  Also  a  mixed  number  may  be  reduced  to  an  improper 
fraction,  and  its  root  extracted  in  the  same  way. 

EXAMFLBS. 

Ex.  I .    Find  the  square  root  of  iMAr* 

•  •      •  •      • 

2  I  529(13  4  I  2401(49 

2  14  4  I  16 


43  I  "9  89  I  801 

I  129  I  801 

therefore  the  square  root  required  =  H* 
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^^'    •^6f»  =  ^^i^=W  =  23«. 


4  I  i^oJoi(40i  I  I  289(17 


;r 


801 1    0801  27 1 189 

I     801  I  189 

therefore  the  Bquaro  root  of  -^ft,V^  =  W  =  23^?. 

211.     In  finding  the  square  root  of  a  fraction  whose  denominator  is  not 

a  square  number,  either  reduce  the  fraction  to  a  decimal,  or  multiply  the 

numerator  and  denominator  by  that  factor  which  will  make  the  latter  an 

exact  square. 

Thus,  V'^i'  =  V~Wf^  =  **F  =  9^9- 

Ex.  3.    Find  the  square  root  of  1049^  '04'9»  'c>'49>  1*049,  ''049,  and  '01049,  to  seven 
significant  digits  by  the  shortest  process. 

3    I  1049(3238827 
3    I    9 

62    I  149 
2    I  124 


643    I  »500 
3    I  >9»9 


6468    I  57100 
8    I  51744 


647^      I  535600 


i75» 
"95 

457 
453 

4 

In  the  same  way 

^  104*9  =  10*24206. 

From  these  two  roots  all  the  others  may  be  found  as  follows : — 
}/  IO-49  =  •  Jft^?  =  "A  •  1049  =  3'238827. 
y/  -1049  =  •  ^-^  =  A  •  IO-49  =  •32388*7. 
y/  1*049  = }/  ^#  =  A  V^  104-9  =  1*024206. 
}/  '01049  =  V  ^?tt?  =  A  V'  1*049  =  '1024206. 

EXAMFLBS   FOB  FbAOTIGB. 

Extract  the  square  roots  of — 

I.  10004569;  240168*6049;  and  33232930569601. 

>•  S\  'S I  *o5 ;  ftQ<l  '005 ;  each  to  5  places  of  decimals. 

3.  97199881 ;  9719988*1 ;  971998*81 ;  97199*881 ;  to  7  decimal  places. 

4.  9719.9881 ;  971*9981 ;  97*199881 ;  9*7199881 ;  to  7  decimal  places. 

5.  '97199881 ;  '097199881 ;  '0097199881 ;  '000997199881 ;  to  7  decimals. 

6.  90438207500880449001 ;  and  to  7  decimal  places  of  3*14159265. 

7.  Take  the  s^nare  root  of  1 8530201 88851 841,  then  take  the  square  root  of  that  square 

root  nntil  it  can  no  longer  be  done  without  decimals. 

8.   «i»;  m\  tWjt;  H»;  4«;  5»;  345H;  i5o6i«f. 

9.  9030025;  '0144;  *i ;  '0064;  '005329;  and  of '00053361. 
10.  4020025 ;  '000009  »  *9 )  <^d  of  the  recurring  decimals  'i ;  '027,  and  '649382715, 
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2 1 2.  The  cube  of  a  number  is  the  product  of  a  number  and  of  its  square, 
or  the  product  of  a  number  multiplied  twice  into  itself.  Thus,  the  cube  of 
3  is  3  X  3  X  3  =  27 ;  the  cube  of  7  is  7  X  7  X  7  =  343  (s©©  §  ^o?)- 
Taking  the  cube  is  the  direct  answer  to  such  questions  as  the  following : — 
A  linear  foot  being  1 2  linear  inches,  how  many  cubic  inches  in  a  cubic  foot  ? 
the  answer  is  the  cube  of  12,  or  12  x  12  x  12  or  1728.  The  process  of 
taking  the  cube  is  merely  one  of  multiplication,  and  calls  for  no  special 
remark.  The  cube  root  answers  the  question :  what  is  that  number  which 
multiplied  twice  by  itself,  makes  up  the  number  of  which  it  is  called  the  cube 
root.  It  answers  the  geometrical  question :  if  a  cube  contains  so  manff  cubic 
units,  how  many  linear  units  will  its  side  contain?  The  cubes  of  the 
numbers  up  to  1 2  should  be  committed  to  memory ;  they  are  as  follows : — 
Ifumberi  12       3456789       10       11       12 

Cubes  I       8      27     64    125  216  343  512  719  1000  1331    1728 

Since  1000  is  the  cube  of  10,  the  cube  root  of  1000  times  any  number  will 
have  the  same  figures  as  the  cube  root  of  the  number  itself.  Thus  the  cube 
of  62*3  is  241 804*367.    However,  the  cube  of  6-23  is  241*804367. 

But  if  we  multiply  a  number  by  10,  its  cube  root  will  have  a  difiPerent  set 
of  figures,  and  if  we  multiply  the  number  by  100,  we  shall  again  have  a 
different  set  of  figures :  thus 

The  cube  root  of     47    is    3*6088261 
„  470     „    7*7749801 

„  4700    „  16-7506869 

Every  number,  therefore,  considered  with  reference  to  its  figures  only,  and 
not  with  reference  to  its  decimal  place,  has  3  cube  roots  which  differ  from 
one  another  by  the  cube  of  10  and  the  cube  root  of  100.  The  extraction  of 
the  cube  root  is  a  troublesome  process,  and  much  longer  and  more  compli- 
cated than  that  of  the  square  root. 


TO  EXTRACT  THE  OUBE  BOOT.* 

EULE  LXn. 

i^.    Divide  the  page  into  three  eotumnSf  and  call  them  L  M  N,  in  order  from 

left  to  rights  and  so  that  M  shall  he  double  the  breadth  of  L,  and  N  double  the 

breadth  ofNL.    At  the  head  of  N  place  the  number  whose  root  is  to  be  extracted^ 

•  This  method  was  invented  by  the  late  Mr.  W.  G.  Horneb,  and  fonns  only  one  single 
and  simple  appUcation  of  a  universal  method  of  extracting  all  roots  whatever,  and  even 
his  method,  as  applied  to  roots,  is  only  a  pfurticnlar  application  of  his  g^eral  method  of 
solving  numerical  equations  of  all  orders. 

In  f£e  form  her  ^iven  it  is  rather  more  concise  in  the  operation  than  is  generally  applied 
to  equations  of  a  higher  order,  and  is  put  in  this  form  for  the  use  of  those  studeats  who  aie 
not  ukely  to  proceed  to  the  higher  equations. 
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>73 


and  mark  offtheplaee/or  the  root  as  the  quotient  is  marked  in  division,  or  the  root 
in  the  extraction  of  the  square  root.    Thus : — 


L 

3  X  root 

already 

found. 


M 

3  X  Bqnare  of  root 
already  found. 


N 

Number  whoae  root  is 
to  be  found. 


Hoot 


2^.  Divide  the  number  into  periods  of  three  figures*  each,  by  setting  a  point 
over  theplaee  of  units,  and  aho  over  eyeiy  third  figure  from  thenee  to  the. left 
hand  in  ufhole  numbers,  and  to  the  right  in  decimals.  The  number  of  periods  ufill 
show  the  number  of  figures  in  the  required  root. 

NoTB. — If  there  be  no  whole  number  or  integral  part  in  the  given  number,  we  must  in 
pointing  begin  with  the  third  figure  from  that  which  would  be  the  unifs  place,  if  there  were 
a  whole  number,  and  mark  sncoeesiyely  every  third  figure  to  the  right.  If  there  be  a  whole 
number  as  well  as  a  decimal,  it  will  be  the  safest  method  to  begin  at  the  unit's  place,  if 
there  were  a  whole  number,  and  mark  successively  every  third  figure  to  the  right.  If  there 
be  a  whole  number  as  well  as  a  decimal,  it  will  be  the  safest  method  to  begin  at  the  unifs 
place,  and  point  over  every  third  figure  to  the  right  and  left  of  it ;  the  number  of  points 
over  the  whole  numbers  and  decimals  will  show  respectively  the  number  of  figures  in  the 
integral  and  decimal  part  of  the  root,  llius,  if  the  given  number  were  5623*453134,  place 
the  first  point  over  the  3,  and  mark  from  it  to  the  right  and  left  thus  5623*453134.  11  tbe 
given  number  were  5*23,  make  the  number  of  decimal  places  equal  to  thz^  by  affixing  a 
cypher  thus  5*236,  place  the  first  point  over  the  5  and  the  second  over  o;  if  the  root  to 
more  decimals  than  one  be  required,  more  cyphers  must  be  affixed.  Again,  'oi,  24*1,  and 
*ooooo7  would  be  pointed  for  the  cube  root  of  *oi6,  24*106,  '006007. 

3^.  I^nd  the  greatest  number  whose  cube  is  contained  in  the  first  period  at  the 
left,  this  is  the  first  figure  in  the  required  root,  which  set  in  the  place  appropriated 
for  the  root.  Subtract  its  cube  from  the  first  period,  and  to  the  remainder  bring 
down  the  second  period. 

4^  In  the  column  "Lput  three  times  the  root  already  found,  and  in  Mput  three 
times  its  square.  With  the  last  number  as  a  trial  divisor  qfthe  resohend,  omitting 
the  two  figures  to  the  right  hand,  find  the  next  figure  of  ike  root  and  annex  it  to  the 
former  one,  and  also  to  the  number  in  the  column.  MvMiply  the  number  now  in  L 
bg  the  new  figure  of  the  root,  and  place  the  product  under  that  in  M,  but  having 
its  figure  two  places  more  to  the  right  than  the  numbers  already  there, 

5°.  Multiply  the  corrected  divisor  by  the  root  figure,  and  place  it  under  the 
number  in  N,  and  subtract  it  therefrom.^ 

*  The  reason  for  pointing  the  given  number  into  periods  of  three  figures  each  is,  because 
the  cube  of  one  figure  never  amounts  to  more  than  three  places ;  the  cube  of  two  figures  to 
more  than  six,  but  always  more  than  three ;  the  cube  of  three  figures  never  to  more  than 
nine,  but  always  more  than  six ;  and  so  on  to  any  extent. 

t  A  little  attention  to  the  composition  of  the  algebraic  expression  for  the  cube  of  a 
binominal  will  render  the  truth  of  this  rule  very  obvious.  For  (a  4-  ^)'  =  a'  +  30'^  + 
30^'  -|-  &3  =  a®  4~  [3^'  "h  (3^  "h  ^}  ^]  ^>  ^^  hist  form  of  which  is  exactly  that  whose  com- 
position is  directed  in  Rule,  4°  and  5°.    Thus :  ~ 


3« 


Za  +  b 


V' 

M 

(3'»  +  *)X* 

3«* 

1 

1 

+  (3«  +  »)  » 

N 


.3 


a-  +  ^aH  +  3fli«  +  i»  +  B  +  0  . .  .  (a  +  *) 

18 


+  3«**  +  3«*"  +  *• 

{3«'    +(3^  +  ^)^!^ 

+"5"+  0  .  .  . 

where  B,  0,  &c.,  stand  ior  other  quantities  to  be  afterwaida  brought  down  fbr  oontinning 
ihepvooeis. 
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NoTB  I. — If  the  number  last  found  be  greater  than  the  number  previoualy  in  N,  the  sub- 
traction cannot  be  performed ;  the  work  dependent  on  the  root  figure  which  produced  it 
must  therefore  be  cancelled,  and  a  smaller  root  figure  tried  instead  of  it.  If  necessary,  the 
same  process  must  be  again  repeated,  till  a  number  is  found  which  will  admit  of  being  sub- 
tracted according  to  the  rule. 

NoTB  II. — If  at  any  part  of  the  operation  the  number  to  be  divided  by  the  trial  divisor 
be  less  than  it,  affix  a  cypher  to  the  root,  two  cyphers  to  the  trial  divisor,  bring  down  the 
next  period  and  proceed  according  to  the  rule  (See  Example  3). 

6^.     Write  twice  the  laet  root  figwre  under  the  number  L,  and  the  square  of  the 

last  root  figu/re  under  M.    Add  the  two  last  written  numbers  in  L  together^  and 

the  three,  last  written  numbers  in  M.*     These  numbers  wiU  he  respeetivelg  triple 

the  new  root  and  triple  its  square,  and  we  may  proceed  with  these  to  find  a  new  root 

figure^  and  complete  the  operation  as  in  Rule^  4^  and  5^. 

Note. — After  about  one-third  of  the  number  of  figures  in  the  root  have  been  obtained, 
(or  one-third  of  the  number  intended  to  be  taken  into  account  if  the  root  be  interminable), 
'  we  may  contract  the  work  very  considerably  by  the  following  method : — 

From  column  M  out  off  one  figure,  and  from  column  L  cut  off  two. 

Multiply  by  the  new  root  fig^ure,  as  before,  keeping  the  columns  of  corrections 

in  M  and  N  as  in  Contracted  Multiplication  and  Division  of  Decimals.    This 

will  generally  ensure  the  number  of  figures  specified  correct  in  the  root. 

Ex.  I.    Extract  the  cube  root  of  4822854. 

Dividing  the  figures  of  the  given  number  K  into  groups  of  three  we  have 

48*>8S44 
where  the  right  hand  figure  of  each  group  is  indicated  by  a  dot  or  point  placed  over  it.    It 
is  evident,  firom  reasons  given  above  (page  173,  note  *),  that  the  cube  root  of  the  number  is  a 
number  of  three  figures. 
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21228  =  ist  resolvend. 
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mm 


19656 


Am,  364. 


1572544  =  aocl  resolvend. 


157*544 


•  That  this  method  produces  the  triple  of  the  new  root  in  the  column  L,  and  the  triple 
of  its  square  in  the  column  M  may  be  thus  immediately  shown : — 

L  M  N 


3«  +  * 

2i 

3«+  3* 
=  3(«  +  *) 


(3«  +  *)* 
3«"  +  (3«  +  h)b 

3a«  +  6a*  +  3*' 


(a  +  h) 


=  3  («■+■*)" 
And  we  thus  start  from  the  last  root  a-^  bfiA-w^  did  at  first  firom  a. 


Cube  tmd  Cube  Boot 


>7S 


The  first  period  is  48,  and  the  greatest  integral  onbe  contained  in  it  is  27.  Its  root  3  is 
pot  in  the  root  plaoe ;  Uien  sabtracting  its  cabe  we  bring  down  the  next  period  laS,  making 
aiaaS  as  the  first  resolvend.  We  now  set  the  triple  of  the  first  figure  in  the  root  3  nnder 
L  (there  is  97  in  the  sam,  but  the  7  will  be  aooonnted  for  by  and  by) ;  then  we  multiply 
this  triple  by  the  first  figure  of  the  root  and  plaoe  the  product  under  M.  We  now  divide 
the  resolvend— omitting  the  two  right  hand  figures— by  the  number  under  M  (=  V/  ^  7} 
giving  as  a  trial  quotient  7.  Annex  this  to  L,  whioh  gives  97  ;  now  we  multiply  this  97  by 
7,  the  second  figuxe  of  the  root,  set  the  product  679  in  M  under  27,  but  having  its  figures 
two  places  more  to  the  right,  add  them  up,  multiply  the  sum  3379  by  7,  which  gives  23653. 
^lis  cannot  be  subtracted  from  the  resolvend,  and  hence  the  whde  work  dependent  on  7  is 
to  be  obliterated  and  a  lower  number,  6,  tried. 

Performing  the  same  operation  with  6  as  has  just  been  described  with  7,  we  get  96, 3276, 
and  19656  for  L»  M,  and  N,  the  last  of  which  subtracted  gives,  after  bringing  down  the  next 
period,  for  the  next  resolvend  1572544.  We  next  write  twice  the  last  root  figure  (2  x  6) 
under  the  number  L,  and  the  square  of  the  last  root  figure  (62)  under  M.  Adding  the  two 
last  written  numbers  in  L,  vis.,  96  and  12,  together,  and  the  three  last  written  numbers  in 
M,  vis.,  376,  3276,  and  36,  we  have  the  triple  (^=  108}  and  triple  the  square  (=  3888)  of  36 
in  L  and  M  respectively.  The  trial  divisor  3888  is  found  to  be  continued  4  times  in  15725 
(omitting  the  two  right  hand  figures  of  the  resolvend)  and  annexing  this  4  to  the  former 
figures  of  the  root  makes  364,  and  the  column  L  makes  1084.  This  multiplied  by  4  and 
added  to  M  gives  393136,  and  this  last  multiplied  by  4  gives  1572544.  No  remainder 
occuring,  the  work  is  hence  terminated  at  this  step,  and  the  root  is  364. 

Ex.  a.    Extract  the  cube  root  of  312908547069. 

Dividing  the  figures  of  the  given  number  into  groups  of  three,  we  have — 

3ia90g547o69 
where  the  right  hand  figure  of  each  group  is  indicated  by  a  dot  placed  over  it 
L  M  N 
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10903752 
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1242795069  Ant,  6789 


I 38088341 

Ex.  3.    Extract  the  cube  root  of  223648543. 

Dividing  the  figures  of  the  given  number  into  groups  of  three,  we  have — 

a*3^4854S 
where  the  right  hand  figure  of  each  group  is  indicated  by  a  dot  placed  over  it. 

L  M  N 

18  108  32364^543(607 

216 


1807 


10800 
12649 

1092649 


7648 


Omitting  two  last  figures  of 
resolvend  76  is  not  divisible  by  108 


7648543    bring  down  next  period  and  affix 
o  to  root,  then  imt  goes  7  times. 
7M543 


J76  Cube  and  Cube  Soot, 


Ex.  4.    Find  the  onbe  root  of  '000007  to  three  places  of  deoimals. 

L  M  '006007006(19 

3  3  I 

351  — 

—  6000    An9wer,  '019 

^J«  5859 

141 

213.  To  extract  the  cube  root  of  a  vulgar  firaction,  if  the  numerator  and 
denominator  of  the  fraction  be  perfect  cubes,  we  may  find  the  cube  root  of 
each  geparately,  and  the  answer  will  thus  be  obtained  as  a  vulgar  fraction ; 
if  not,  first  reduce  the  fraction  to  a  decimal,  or  to  a  whole  number  and 
decimal,  and  then  find  the  root  of  the  resulting  number.  The  answer  will 
thus  be  obtained  either  as  a  decimal  or  as  whole  nimiber  and  decimal ;  or  we 
may  multiply  both  numerator  and  denominator  by  such  a  number. 

Examples. 

Ex.  I.    find  the  cube  root  of  |  to  three  places  of  decimals. 

*  =  SSSSSSSSS' 

L  M  N 

»4«  »92^  '555555555C82a 

4  484  \  5" 

246  '9^84 1  43555 

i^ss  4;  39368 


»oi7a  4187555 

49*4 

ao2ais4  4044248 


143307 
Ex.  2.  Find  the  cube  root  of  -ft. 

•»  A  =  |/»  «  =  V^  A.juijAiii  -  ^723^7  ji^, 

4 

Ex.  3.    Find  the  cube  root  of  f . 

7  X  49        t/    343 
EXAMFLBS  FOB   PrAOTIGH. 

Extract  the  cube  roots  of 

'•  3375;  10648;  74088;  3890177;  5735339;  3a4^'759779'- 

2.  48228*544;  27054-036008;  12-977875;  27054036008;  21936532. 

3.  '065939264;  -023639903;  '000030664297;  001 03030 1 ;  '007645373. 

4.  4  to  three  places  of  decimals ;   7  to  two  places  of  decimals ;   g  to  two  decimal  places, 

5.  JWr;  uVftg ;  49A;  7558*H;  "H;  3iiWr. 

6.  Extract  the  cabe  root  of  3  to  six  places,  and  also  the  cube  root  of  6,  and  show  how 
the  cube  root  of  2,  of  12,  and  of  18,  may  be  obtained  from  these. 

7.  Extract  the  cnbe  root  of  -0090009009 ;   and  thence  obtain  the  cube  root  of  that  onbe 

root,  and  thence  again  the  cube  root  of  the  last  cube  root  to  six  and  four  places  of 
decimals  respectively. 
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ON  FINDING   THE  VALUE  OF   FORMULA. 


The  following  examples  are  intended  to  show  the  manner  in  which  formulee 
given  in  an  algebraic  appearance  are  to  be  treated. 

I.    Pmd  the  value  of  -^^  where  D  =  54,  and  V  180. 

^  =  ^^^^  ^°  =  ^HJF  =  87-48  -i»««r. 

Here  D*  (D  squared)  has  to  be  mnltiplied  by  V,  and  the  product  divided  by  6000. 
Although  DO  sign  is  written  between  D'  and  V,  in  all  such  cases  the  sign  of  multiplication 
is  implied. 

r    a.    Given^^^^-~'whenO,=  i3,  K  =  8,C  =  io,  K,  =  9. 

0,K-0K,_(13  X  8)  -  (10  X  91  _  104 -  90  ^  i>  —  lA  >lMxtA«r 
-k:- kT  —  (9 - 8) —  —1 —  —  V  —  M  Answer. 

Here  the  product  of  C  and  E,  has  to  be  subtracted  from  the  product  of  0,  and  E,  and  the 
remainder  divided  by  the  difference  of  E^  and  E. 

3.  Find  V  =  -y^  when i»  =  6,  A  =  5,  V  =  4,/=3,  and  a  =  2. 

Supposing  the  values  attributed  to  Vj  p^  A,  V,  /and  a  to  be  the  same,  and  it  is  required  to 

find  a.    By  attentively  reading  Nos.  191  and  192,  page  140,  it  will  be  seen  that  t;  =  ^-y^ 

means  vfaz=.pK  V,  and  by  transposing,  or  in  this  case,  dividing  both  sides  of  the  equation 

by  V  f,  it  becomes  ^^y  or  a  =^— ^  which  in  words  means  thisi—The  product  of  the 

quantities  referred  to  as  i?  A  V,  divided  by  the  product  or  result  produced  by  multiplication 
of  the  quantities  referred  to  as  v/,  will  give  a  as  required.    Thus, 

Similarly,  the  values  of  the  other  single  letters  are  obtained  in  the  same  way. 

4.  Find  the  value  of  B  =  *^|^  «f  =  14,  D  =  57,  B  =  36. 

«  _  a88o  d»  __  2880  X  14  X  14  X  14  _  rjoixao  ^  <-.,   J^j^^ 
B  —  "DiTs  —       57  X  si~y:i6      =  "nWW  =  67  5  Answer. 

5.  If  «  =  a  —  (j  —p)  ;  where  «  =  12,  #  =z  5J,  and/?  =  2J :  find  the  value  of  x, 

«=  la  —  (*#  —  a'5)  =  12  —  (a*75  —  »*5)  =  "  —  '25  =  11-75  -Answer. 
First  find  the  quantity  within  the  brackets — it  is  '25 — subtract  this  from  12. 

6.  I  +  '^\l^^^  where  T  =  90,  and  t  =  46. 
'  +^-^^^=  '  +^\~^=^  +  Tiio  =  I  +  -072  =  ,.072  An.. 


xooo  '  1000 

S 


12     -  *  ;  D  =  28,  </  =  14,  and  8  =z  25, 


12  ^-^^  =  ^^'  =  12  ?^-^« --»714  =  ,,  liyyii  =  „  X  768-32  =  9219-84  Ans. 
8.    Find  B  =:-^^^5^«  ;  where/=  4936,  D  =  4',  H=z=64,  and 8  =  32.  Am, 85-5. 


*  This  was  the  Admiralty  formula  for  N.H.P.  for  paddle  engines. 
AA 
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USEFUL  RULES  IN  MENSURATION. 


MEN8TJEATI0N  OF  SUPEBnOIES* 

Dot — A  FaittUelogram  is  a  four-sided  figure,  of  whidi  the  oppoute  ndea 
are  parallel. 

De£ — A  Sqaare  ie  a  four-sided  figure  wMoh  has  all  its  sides  eq^ial,  aod  all 
its  angles  right-angles. 

DeC — ^A  Eeotai^le  (or  oblong)  is  a  four-udod  figure  vhioh  has  its  opporiU 
Bidee  equal,  and  all  the  angles  right-angles. 

JM. — The  straight  line  joining  two  opposite  angles  of  a  quadrilateral  ia 
called  a  Diagonal 

DeC — Th«  Area  of  any  plane  figure  is  the  measure  of  the  space  oontuned 
vithin  its  extremes  or  bounds,  without  any  regard  to  thickness.  The  area 
or  the  content  of  the  plane  figure  ie  estimated  by  the  number  of  little  squares 
that  may  be  contained  in  it,  the  side  of  these  little  measuring  squares  being 
an  inch,  a  foot,  a  yard,  or  any  other  fixed  quantity.  And  hence  the  area 
or  content  is  said  to  be  bo  many  square  inches,  or  square  feet,  or  equare 
yards,  &c. 

c  s  D 

Hiiu,  a  Uie  BguTfl  to  be  meoBnied  be  the  cectongle  ABOD, 
and  the  little  «qatire  B,  whou  side  u  one  inoh,  is  tbe 
mewaring  dhU  proposed ;  then,  as  oft«a  as  the  swd  little 
square  is  contained  in  the  rectangle,  so  many  square  onfts 
the  nctangle  is  said  to  oontain,  which  in  this  case  is  15. 


■D 


1 14.    To  find  the  area  of  the  square  or  any  rectangular  figure. 

EULE  LXni. 

Multiply  U«  hnffth  hp  tiu  hnadtA;  the  result  is  the  required  area. 

NoTB. — The  dimenmOQB  must  be  of  the  itTne  denominations,  snch  as  both  feet  or  both 
inohes,  &o. ;  and  if  the  product  ba  iachoa,  divide  by  144  for  fast,  and  if  faet  by  9  fbr  squsM 
yatds,  &o. 


follow  from  B  length  of  the  side  of  a  sqnare  meaaurei 

brings  us  at  once  ti  square  feet  and  eqimre  inchee  foi  Borfuses  or  Bgnree  of  two  di 

Cucles  are  greatly  emploj-ed  in  the  forma  of  machinery,  because  turning  is  the  oheapeat 
and  easiest  clasa  of  maohino  work.  Boring  a  cylinder  and  turning  a  piston,  foi  examtde, 
giva  great  fac'lilicn  for  fitting  tbe  two  togeuior  in  a  cheap  and  leat^  manner.  AU  oalcn* 
btions  as  to  the  horsc-powei  of  an  engine  or  the  etreugth  of  its  parts  involTo  a  knowled^ 
of  the  areas  of  oiiolei. 


Useful  JRules  in  Mensuration. 
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Let  I  :=  length  of  figure,  b  =  breadth,  and  A  =:  area. 
A  =  »,  /  =  ^  and  *  =  ^  that  ifl, 

Sinoe  the  ABSA  =  the  LEHOTH  X  the  BBSADTH,  it  follows  that  if  any  two  of  these 
be  given,  the  third  may  be  foond  as  follows : — 

1.  The  Area  may  be  foond  by  multiplying  the  Length  by  the  Breadth, 

2.  The  Length  may  be  found  by  dividing  the  Area  by  the  Breadth, 

3.  The  Breadth  may  be  found  by  dividing  the  Area  by  the  Length, 

EXAMFLBS. 


Ex.  I.    Find  the  area  of  a  square,  the 
side  of  wich  is  32  feet  9  inches. 

9  inohee  =  '75  feet       A)9'o 

•75 

Area  =  32*75   X   3>*75  =  1072-5625 
square  feet. 

3*75 
3a'75 


16375 
22925 

6550 
98*5 


1072*5625  square  feet. 


Ex.  2.  The  sides  of  a  rectangle  contain 
12  feet  6  inches  and  37  feet  3  inches ;  find 
its  area. 


A)6^ 
•5 


A)3'o 


•»5 


Area  =  125  X  37'*S  =  465625  square 
feet 

37 '^S 
12-5 


18625 
44700 


465*625  square  feet 


Ex.  3.  How  many  yards  of  carpet  30  in.  wide  will  be  required  for  a  room  28  feet  long 
by  18^  feet  wide. 

The  area  of  room  =:  28  feet  X  18^  feet. 

„  =:  336  inch.  X  222  inch.  =  74592  sq.  in. 

We  want  to  know  how  long  a  piece  of  carpet  must  be  to  cover  this  area  supposing  the 
carpet  to  be  30  inches  wide ;  in  other  words,  we  have  the  area  given — viz.,  74592  sq,  in.— 
and  the  wid^  given — viz.,  30  inches^and  from  these  we  find  the  lengthy  for 

207  feet  2  inch  =  69  yards  1  +  inches.    Anetoer, 

The  area  of  a  parallelogram  which  is  not  right-angled  is  easily  obtained  from  this 
consideration : —That  we  can  convex  t  it  into  a  rectangle  by  cutting  off  a  triangle  at  one 
end  and  putting  it  on  at  the  other.  Its  area  is  thus  seen  to  be  the  length  multiplied  into 
the  breadth  measured  perpendicularly,  or,  as  it  is  more  commonly  stated. 

Area  =  base  X  altitude. 


Del — ^A  Shombiis  is  a  four-sided  figure  which  has  all  its  sides  equal,  but 
its  angles  are  not  right-angles. 

De£ — ^A  Shomboid  is  a  four-sided  figure  which  has  its  opposite  sides  equal, 
but  its  angles  are  not  right-angles. 


i8o  TTieful  Sides  in  Meniuration. 

KoTB. — It  will  bo  observed  tbat  the  rhombus  and  rhomboid  differ  from  the  square  and 
rectangle  in  one  respect,  viz.,  that  their  angles  are  not  right-angles.  They  are,  indeed, 
like  squares  and  rectangles  that  have  been  forcibly  wrenched  (like  a  loose  slate  frame),  from 
their  true  form.  The  rhombus  being  a  distorted  square,  and  the  rhomboid  a  distorted 
rectangle. 

These  figures,  because  their  opposite  sides  are  parallel,  are  frequently  called  paralUhpramB, 
although  that  name  really  includes  the  square  and  rectangle. 

Example. 

Ex.    A  rhombus  is  1 2*4  feet  long,  and  its  perpendicular  breadth  is  10*9  feet :  find  the  area 

Area  =:  length  X  perpendicular  breadth  =:  12*4  X  io'9  ^  135*16  sq.  feet. 

124 
10*9 


1116 

124 


Area  =  135*16  aq.  feet. 
Examples  fob  Pjelaotioe. 

1.  Find  the  area  of  a  square  whose  side  is  35  feet  9  inehes. 

2.  The  area  of  a  square  is  1278*0625  feet :  required  the  side. 

3.  Required  the  area  of  a  rectangle  27}  inches  long  by  14  inches  broad. 

4.  A  board  is  7^  inches  broad  by  3  feet  si  inches  long :  required  its  sur£&oe. 

5.  The  length  of  a  parallelogram  is  1 2^  feat  and  its  breadth  8}  feet :   what  is  its  area. 

6.  A  rectangle  is  to  contain  133  square  inches:   what  must  be  its  length  when  the 

breadth  is  7  inches. 

7.  y^hat  length  must  be  cut  off  a  rectangular  board  whose  breadth  is  9  inches  to  make 

a  square  yard. 

8.  What  is  the  area  of  a  rhombus  whose  side  is  7  ft.  6.  in.,  and  perpencUcular  height 

3  ft.  4  in.  P 

9.  What  is  the  area  of  a  rhombus  whose  length  is  3  yards,  and  perpendicular  height 

2  ft.  3  in.  ? 

215.    To  find  the  area  of  a  triangle. 

The  easiest  way  by  which  to  find  the  area  of  a  _ 
triangle  is  by  measuring  the  base  and  perpendicular 
height.  In  the  accompanying  figure  let  us  suppose 
that  we  know  the  length  of  B  C  and  A  E.  Now,  if 
we  multiply  these  together  their  product  gives  the 
area  of  the  enclosing  rectangle  D  B  G  F,  which  we 
know  to  be  exactly  double  of  the  triangle  ABC 
(Euc  I,  41).  The  area  of  which  can,  therefore^ 
readily  be  found  by  dividing  by  2. 

m 

RULE   LXIV. 
MuUipUf  its  hose  and  height  together j  and  half  the  product  wiU  be  the  area. 
To  find  the  area  of  a  triangle,  the  base  of  which  is  b  and  perpendicular  jp. 

A  =:  i  &p,  also  p  -y ,  and  b  =  y^. 

Example. 

The  base  of  a  triangle  is  76*5  feet,  and  perpendicular  92*2  feet,  what  is  its  area  P 

Area  =  76-5  X  92*2  -7-  2  =  3526*65  square  feet. 


XI%efvJl,  Eulea  in  MmsuraUan.  18 1 


Examples  fob  Fbaotiob. 

1.  The  base  of  a  triangle  is  72*7,  and  the  perpendicular  height  is  ^6$^  what  is  its  area  P 

2.  The  base  of  a  triangle  measures  15  ft.  6  in.,  and  the  perpendicular  12  ft  7  in.,  what 

is  its  area  P 

216.  The  area  of  a  triangle  may,  howeyer,  be  determined  from  its  three 
Bides  by  the  following 

EULB  LXV. 

Uram  half  the  sumo/ the  three  sides^  suhtraet  each  side  eeparatefy;  then  muUipJy 
the  half  sum  and  the  three  remainders  togeth^r^  and  the  square  root  of  the  last 
product  wiU  he  the  area  of  the  triangle. 

For  practical  purposes  this  rule  may  be  more  conveniently  stated  in  the  form  of  the 
following  formula,  where  «  represents  half  the  sum  of  the  sides  :— 

Area  =  #  |/  ,  (,_  a)  (#  — *)  {#  —  e) 

NoTB. — ^If  the  triangle  be  equilateral,  all  that  is  necessary  is  evidently  to  measure  one 
side.  The  area  may  then  be  calculated  from  this  by  the  following  short  and  useful  rule,— 
muUipl/lf  the  tquare  of  the  tide  by  433,  and  the  product  ufiU  be  the  area. 


Ex.    Find  the  area  of  a  triangle  whose  sides  are  18,  24,  and  30. 

Here  we  have  according  to  Rule,  half  the  sum  of  the  three  sides  =  i  (i  8  -(-  24  +  3^)  =  3^ » 

also,  36--  18  =  18) 

36  —  24  =  12  I  are  the  three  remainders. 
36  —  30  =   6 ) 

whence  the  area  =  t/  36  X  18  X  la  X  6  =  •  46656  =  »i6  Annoer. 

Examples  fob  Pbaotiob. 

1.  What  is  the  area  of  a  triangle  whose  sides  are  50,  40,  and  30  P 

2.  Required  the  area  of  a  triangle  whose  sides  are  13,  14,  and  15  fioet  respectively. 

217.    To  find  the  area  of  a  trapezoid,  which  is  a  four-sided  figure,  having 
only  two  opposite  sides  parallel. 


EULE  LXVI. 

Edlf  the  sum  of  the  two  parallel  sides  multiplied  hy  the  perpendicular  distance 
between  them  is  the  area  of  the  trapexcid. 

The  reasonableness  of  this  rule  may  be  demonstrated  without  any  strictly  mathematical 
investigation,  by  remembering  that  we  calculate  all  areas  by  reference  to  the  rectangle ;  ibr 
if  we  multiply  the  longer  side  CD  by  the  perpendicular  distance,  the  product  will  obviously 
be  greater  than  the  area  of  the  trapezoid,  while  if  we  multiply  the  perpendicular  distance 
by  the  shorter  side  AB  the  product  will  be  too  little ;  hence  we  find  a  side  of  mean  or 
average  length  by  dividing  the  sum  of  AB  and  CD  by  2,  and  the  product  of  this  and  the 
perpendicular  distance  is  the  exact  area. 


i8z 
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Example. 

Let  A  B  G  D  be  a  trapezoid,  the  side  A  B  =  25,  G  D  =  40,  A  E  =  i8 :  lequiied  the  area. 

AB  =  25 
C  D  =  40 

2)7$ 

18 

2600 

— 

585*0  the  area. 

218.    To  find  the  area  of  a  trapeadunii  which  is  a  four-Bided  fig^ore,  haying 

no  Bides  parallel. 

EULE  LXVn. 

1^    Dmde  ii  itUo  triangUa  by  a  diagonal. 

2^    Nwtflnd  the  sum  of  the  areaa  of  the  two  triangles. 


B 


This  10  an  ineg^nlar  figure,  and  ita  area  is 
nsoally  found  by  dividing  it,  as  in  the  figure, 
into  two  triangles. 

Now,  the  area  of  the  triangle  ABG  is  i  AG  BF, 
and  area  of  the  triangle  AGD  is  i  AG  DE ;  and, 
therefore,  the  area  of  the  tn^Msiiim  (t.#.,  of  the 
two  triangles  together)  is 

i  +  AOBF  +  AG  DE 
=  J  AG  (BF  +  DE). 

EZAICPLB. 

In  the  trapeadom  A  B  G  D,  the  diagonal  A  G  is  100,  B  F  35,  and  D  E  30 :  what  is  its  area  P 

DE  =  3o 

AG=    100 
2)6500 
3250  the  area. 

219.  To  find  the  area  of  a  regular  polygon,  or  fig^ore  of  four  or  more 
sidesi  having  all  the  sides  equal. 

EULELXVni. 
Zet  fall  a  perpendieuUir  from  the  centre  upon  one  of  its  stdeSf  multiply  thia  iy 
the  side  itself  and  hy  the  number  of  sides  in  the  polygon^  and  half  the  product  is  tha 
area  of  the  polygon, 

220.  To  find  the  area  of  the  sector  of  a  cirde  or  any  part  of  a  circle 
bounded  by  an  arc  and  two  radii. 

EULE  LXrX. 
Half  the  radius  multiplied  hy  the  length  of  the  arc  equals  the  area. 
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221.  To  find  the  length  of  an  arc. 

BULE  LXX. 

liram  0ight  ttmei  the  chard  of  half  the  are  euhiraet  the  chard  of  the  whale  arc^ 
amd  take  cne-third  the  rewkainderfar  the  length  of  the  arc^  nearly. 

222.  To  find  the  area  of  the  segment  or  any  part  of  a  oixde  bounded  by 
an  aro  and  its  chord. 

BULE  LXXI. 

Find  the  area  of  the  eeetar  and  the  triangle ;  the  difierenoe  ie  the  area  of  the 
eegwteni* 


FINDINa  THE  ABEAS  OF  OIBOLES,  &o. 

We  now  pass  on  from  rectang^ar  figures  to  those  which  are  called  etirvi' 
linear^  being  bounded  not  by  straight  lines  but  by  curved  lines. 

DeC — A  circle  is  a  plane  figure  contained  by  one  line,  which  is  called  the 
drcumfereneef  and  is  such  that  all  strait  lines  drawn  from  its  centre  to  the 
circumference  are  equal  to  one  another. 

The  straight  line  drawn  from  the  centre  of  a  circle  to  its  circumference  is 
called  the  radius. 

The  straight  line  drawn  from  the  circumference  through  the  centre  till  it 
meets  the  circumference  again,  is  called  the  diameter,  and  is  exactly  equal  to 
twice  the  radiue. 

The  diameter  divides  the  circle  into  two  eemidrdes. 

It  is  necessary  to  remember  the  numbers  '7894  and  3'i4i6;  the  first  is 
one-fourth  the  length,  and  we  may  use  it  thus  for  areas : — 

BULE  LXXn. 

Ab  the  area  of  ^    .    T  the  area  of  j  I  the  area  of  j    .    /the  area  of 

a  square  whose  |        |  itsinscribed  >  <  any     other  >        |  itsinscribed 

side  is  I       )    *    ( circle  '7854 )     *  *     (     square      )    *    (      drde. 

And  again — 

BULELXXin. 

As   a   oirde  )  .   I  its  )    •  •    (  ^^  diameter )  •  .(  -x^ 

whose  diam-  >       |  circumference  >  |  of  any  other  >       |   .       ^? 

eterisi      )  '    (        3*i4'6       )    *  *    (        circle       )  '    |  ^^"f*'^'*"*^'®'!©®' 

N.B. — An  inscribed  aqnare  ii  half  the  area  of  the  ciroamBoribed  sqiiare. 

223.    To  find  the  circumference  of  a  circle,  the  diameter  being  given. 

BULB  LXXIV. 
MuMflg  the  diameter  hy  3*1416  and  the  result  will  be  the  drcumferenoe. 
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EXAMPLSS. 


Ex.  I.    The  diameter  of  a  piston  is  94 
inchoB :  required  the  circumference. 

3-1416 
94 

12*5664 
282744 


Oiroum.  =:  295*3104  inches. 

Ex.  3.    Find  the  circumference  of  a  valve 
whose  diameter  is  3}  inches. 

Since  circumference  =  3*1416  X  diam- 
eter =  3*1416  X  3*5  =  10*9956  inches. 


Ex.  2.    The  diameter  of  a  oirde  is  2*5 
inches :  required  the  circumference. 

3*141^ 

157080 
62832 


Oiroum.  =  7*85400  inches. 

Ex.  4.  Find  the  length  of  the  outer 
ring  of  a  paddle  wheel  whose  diameter  is 
26  feet. 


3*1416  X  26  =  81*6816  feet. 

EXAICFLSB   FOB  FbAOTIGB. 

1.  The  diameter  of  a  screw  shaft  is  9}  inches :  required  the  circumference. 

2.  Kequired  the  circumference  of  a  safety  valve,  the  diameter  heing  4}  inches. 

3.  Given  the  diameter  of  a  circle  7}  inches :  find  the  circumference. 

4.  Find  the  circle  described  by  the  outer  edge  of  a  screw,  the  diameter  being  18  feet. 

5.  Find  the  circumference  of  the  outer  ring  of  a  paddle-wheel,  the  diameter  of  which  is 

30  feet  5  inches. 

6.  The  diameter  of  a  circle  is  84  inches :  find  the  circumference. 

224.    To  find  the  diameter  of  a  circle,  the  circumference  being  given. 

EULE  LXXV. 
Divide  the  dreumferenee  hy  3*1416  and  the  result  is  the  diameter. 

EZAMPLBS. 


Ex.  I.    The  circumference  of  a  piston  is 
226*1953  inches :  find  the  diameter. 

3*1416)226*1952(72  inches. 
219912 

62832 
62832 


Ex .  2.    The  circumference  of  a  piston-rod 
is  28*2  inches :  find  the  diameter. 

3*1416)28*2000(8*9  inches. 
351328 

306720 
282744 

23976 


Examples  fob  P&aotioe. 

I.  The  circumference  of  a  circle  being  50  feet :  find  the  diameter. 

a.  The  circumference  of  a  paddle-wheel  being  47'  124  feet :  required  the  diameter. 

3.  The  circumference  of  a  circle  is  17*59296  inches :  required  the  diameter. 

4.  The  circumference  or  girth  of  a  cylinder  is  103*6728  inches :  find  the  diameter. 

5.  The  circumference  of  a  piston  is  329*8680  inches :  find  the  diameter. 

6.  What  is  the  diameter  of  a  piece  of  shafting  which  measures  28^  inches  round  its 

circumference. 

225.    To  find  the  area  of  a  circle,  having  given  the  diameter. 

BITLE  TiXXYI. 
Multiply  the  square  of  the  diameter  ly  '7854  and  the  result  wiU  be  the  area. 
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ExAlfPLXS. 

Ex.  I.    The  diameter  of  a  eafety-valye  Ex.  2.    Find  the  area  of  a  circle  whose 

18  5  inches :  required  the  area.  diameter  is  15  inches. 


Since  area  =:  (diameter'  )  X  '7854  and 

^*  =  25  •' •  '7854  X  25  =  »9*^350  square 
inches. 

5«  =  25 
•7854 

39270 
19*6350  square  inches. 


Since  area  X  '7854  X  (diameter')  and 
15'  =  225  .*.  area  =  '7854  X  215  = 
176*715  square  inches. 

Ex.  3.  The  diameter  of  a  circle  is  74^ 
inches:  required  the  area. 

Since  area  =  '7854  X  (diameter')  and 

74*5»  =55Co*25,.*. area  =:*7854X  5550»5 
=  4359*166350  square  inches. 


Ex.  4.  The  diameter  of  a  piston-rod  at  the  bottom  of  the  thread  is  5  inches,  and  the  two 
Mts  in  the  cross  head  journal  3  inches :  what  is  the  proportion  of  area  of  rod  to  that  of  the 
bolts  P 

Area  of  section  of  rod   =  5'  x  '7854  =  25  X  '7854  =  19*6350  square  inches. 
„  „      bolts=  3*  X  "7854  =  9  X  7854  =  H*'37»  square  inches. 

Then  19*6350  :  14*1372  : :  i  :  '72.        Anneer  "jt, 

Ex.  5.  The  diameter  of  a  piston-rod  is  6  inches,  and  that  of  the  piston  33  inches ;  com- 
pare the  area  of  a  section  of  the  rod  with  the  area  of  the  piston.  Since  the  areas  of  circles 
are  as  the  square  of  their  diameters,  there  areas  will  be  as  46'  :  323' ; 

or,  as  16  :  1089; 

or,  as    I  :  68*06  nearly,  Antwir, 

ExAMPTiEfl  VOB  FbAOIIOB. 

1.  The  diameter  of  a  piston  is  64  inches :  required  the  area. 

2.  The  diameter  of  a  valve  is  10  inches :  find  the  number  of  square  inches. 

3.  The  diameter  of  a  piston  is  53}  inches :  required  the  area. 

4.  The  diameter  of  the  barrel  of  a  pump  is  6}  inches :  find  the  area  of  a  horizontal  section . 

5.  What  is  the  sectional  area  of  a  shaft  whose  diameter  is  9}  inches  P 

6.  How  many  square  inches  are  there  in  both  pistons  of  double-cylinder  engines  of 

H.M.S.  <<  Terrible,"  the  diameter  being  7a  inches. 

7.  The  diameter  of  a  cylinder  is  104}  inches :  required  the  area. 

8.  What  is  the  proportionate  error  of  the  following  rough  rule  for  finding  the  area  of  a 

circle,  "  Take  i  on  the  square  of  the  diameter  and  add  i  per  cent." 
KoTB. — The  area  may  also  be  found  by  multiplying  the  circumference  by  the  diameter, 
and  dividing  by  4. 

226.    To  find  the  diameter  of  a  cirde  having  given  the  area. 

Since  the  area  =  the  square  of  the  diameter  X  '7854  nearly  .'.diameter  =  \/  ^-^ — 

*7*»54 

hence  the  following  Rule. 

BULE  LXXVn. 

Dkide  the  area  hy  7854,  and  take  the  square  root  of  the  quotient^  which  wiU 
ffive  the  diameter. 
}»9 


i86 
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Ex.  I.  The  area  of  the  piston  of  the 
steamship  '^Apostol"  is  706*8600  square 
inches :  find  the  diameter. 

•7  854)706*8600(900 
70686 


00 


900(30  inohos.    Afu. 
9 


00 


Ex.  2.  What  is  the  diameter  of  a  piston 
containing  4809  square  inches  ? 

Diameter  rr  •  ^-^ 

=  •  .mf  =  •  6iaa-99 
=  78*2  inches^  nearly.    Ans. 

Ex.  4.  The  area  of  a  piston  is  407 1  *5 1 36 
square  inches:  find  the  diameter  of  the 
piston-rod,  which  is  one-eighth  of  that  of 
the  piston. 

Sq.  inchGii. 

l/"?ftfP*=l/5i84  =  72  inches  diameter. 
•7854)4071*5136(5184 


•7 
7 

142 


5184(72  in. 
49 

284 
284 


39270 

1445 1 
7854 

^5973 
62832 

31416 
31416 


Then  |th  of  72  inches  ^  9  inches,  the 
diameter  of  piston  rod. 


Ex.  3.  The  area  ofthe  cylinder  of  H.M.8. 
"Black  Prince"  is  8535*77628750  square 
inches:  required  the  diameter. 

•7854)*535*77^a875o{io868*o6a5 
7854 

68177 
6283a 


5345^ 
47  "4 

63322 
62832 


49087 
47124 


19^35 
15708 

39270 
39270 


I  I  10868*0625(104*25  in.  Afu. 
I   I 


204  I  0868 
4  I  816 

2082  I    5206 
2  I    4164 

20845  I  104225 
104225 


EZAMPLBS   FOB  FbAOTIOB. 

1.  The  area  of  the  cylinder  of  H.M.S.  ''Spiteful"  is  3019*0776  inches :  required  the 

diameter. 

2.  The  area  of  the  cylinder  of  H.H.S.  '*Lion"  is  2642*0856  square  inches:  roqdred 

the  diameter. 

3.  The  area  of  a  cylinder  is  3605*03508750  square  inches :  find  the  diameter. 

4.  The  area  of  a  cylinder  is  7013*81635  square  inches :  required  the  diameter. 

5.  The  area  of  a  piston  is  4536  square  inches :  find  the  diameter  of  a  piston-rod  whioh 

is  i  that  of  a  piston. 

6.  The  area  of  a  piston  is  1590*4350  square  inches :   find  the  diameter  of  the  piston-xod 

which  is  ^  that  of  the  piston. 

227.  Def. — ^A  oironlar  inch  is  a  etreU  whose  diameter  is  an  inch ;  oonse- 
qnently  its  area  is  less  than  a  square  inch,  being  the  circle  inscribed  within 
the  square  inch.     Since  the  area  of  a  cirde  is  found  by  multiplying  fhe 


UMfui  BuUb  in  Memuratum.  187 

square  of  its  diameter  by  '7854,  therefore  the  area  of  a  circular  inch  =  7854  x 
1*  =r  '7854,  and  hence 

The  number  of  square  inches  in  any  surface  being  given,  to  find  the 
number  of  circular  inches. 

BULB  TiX  X  VJLLL. 

Divide  th$  numbmr  of  square  inches  hy  '7894,  and  the  result  loiU  he  the  number 
of  dxeular  inches. 

Examples. 


Ex.  I.  If  a  valve  contain  55  square 
inoheiy  expreos  its  area  in  circular  inches. 

.tHc  =  70  circolar  inches,  nearly.    Ans, 

'7S54)55'oooo(7o  circular  inches. 

220 

Ex.  2.  A  rivet  hole  is  half  an  inch  in 
diameter:  express  its  area  in  circular 
inches. 

*5'  X  '7^54  =  square  inches. 

.*.  ^-^-.Ig!^  =  circular  inches. 

=  *5'  ^  *25  circular  inches. 


ESx.  3.  A  valve  contains  100  square 
inches :  how  many  circular  inches  does  it 
contain? 

.W5fir="7'3- 
•7  854)  I  oo'oooo(  1 27  •  3 
7854 

21460 

15708 

575»o 
54978 

25420 
23562 


EZAMPLBS   FOB  FBACmOE. 

1.  In  201  square  inches,  how  many  circular  inches  P 

2.  If  the  pressure  on  a  valve  be  15  lbs.  on  each  square  inch,  what  is  the  pressure  on  the 

droular  inch  P 

3.  If  the  pressure  on  a  valve  be  10  lbs.  on  each  square  inch,  what  is  the  pressure  on  each 

circular  inch  P 

4.  A  valve  is  6  inches  in  diameter :  show  that  the  pressure  on  it  is  141*372  lbs.  whether 

it  be  considered  to  be  loaded  to  5  lbs.  per  square  inch,  or  3*927  lbs.  per  circular 
inch.* 

228.  To  find  the  area  of  the  circular  ring,  or  space  included  between  the 
circumferences  of  two  concentric  circles. 

BXTLE  LXXTX. 

i^    Multiply  the  square  of  the  greater  diameter  hy  "jS^j^for  the  area. 

2^.    Multiply  the  square  of  the  inner  diameter  hy  "jS^^for  the  area. 

3°.  JFirom  the  area  answering  to  greater  diameter,  suhtract  the  area  of  inner 
evrcUf  the  result  is  the  area  required. 

Or,  multiply  the  eum  of  the  diameters  hy  their  difference,  and  this  product 
muU^Ued  hy  '7854  will  give  the  required  area. 

*  But  that  we  have  become  habituated  to  tho  square  inch  in  practice,  the  circular  inch 
would  be  less  troublesome  than  the  square  inch  for  many  calculations.  Tlie  constant 
reductioB  of  circular  areas  into  square  areas  involves  an  amount  of  labour  which  is  incon- 
venient without  tables  of  reference ;  and  whenever  comparisions  of  circles  are  concerned, 
as  for  example,  in  proportioning  the  cylinders  of  compound  engines,  circular  inches  are  bettor 
than  square,  and  they  give  ratios  which  are  accurate  without  tho  usu  of  decimals. 
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EZAMFLB. 

Ex.    What  is  the  area  of  an  annular  Talve  whose  greater  and  less  diameters  are  15  and 
5  inches  respectivelj  ? 

Area  of  whole  circle  =  '7854  X  15*  =  176*7150  sq.  inch. 
Area  of  less  circle      =  '7854  X    5'  =    19*6350  sq.  inch. 

Area  of  annular  valve  =:  157*0800  sq.  inch. 

.      -7854  -7854 

i5»=    225  5«=      25 

39270  39»7o 

15708  15708 

15708 


176*7150  square  inches. 
19*6350  square  inches. 

157*0800  square  inches  =  area  of  annnlar  valve. 

Oiherunse, 
15"  —  5"  =  225  —  25  =  200. 

*7854  X  aoo  =:  157*0800 
200 


19*6350  sq.  inohes. 


157*0800  square  inches. 
229.    To  find  the  area  of  an  Ellipse  or  Oval. 

An  Ellipse  or  Oval  is  like  a  circle  flattened  in  one  direction  and  elongated 

in  the  other. 

BULE  LXXX. 

MuUiphf  the  greater  and  lesser  diametere  together^  and  that  product  hy  '78541 

and  the  result  will  be  the  area. 

NoTB. — ^The  square  of  the  mean  diameter  is  equal  to  the  product  of  the  two  diameters. 

EZAMPLB. 

Ex.    The  greater  diameter  of  an  oval  or  elliptical  funnel  is  4  ft.  10  in.»  and  the  lesser 
diameter  4  ft.  4  in.,  what  space  will  it  occupy  on  the  deck  P 

Area  =  -7854  X  58  X  51  =  2368*7664  square  inches  =z  iA^\*fAftA  --  16*449  ^*  ^^^ 

4  ft.  10  in.  =    58  in.  '7854 

4  ft.    4  in.  =r    52  in.  3016 

116  47124 

290  7854 


3016  in. 

144 


235620 
12)2368*7664  sq.  inohes. 
12)197-3972 


Answer,        16*449    ^*  ^^^ 
EXAMPLKS  FOB   P&AOTIOB. 

1.  The  longer  diameter  of  an  ellipse  is  70,  and  the  shorter  50,  what  is  the  area  ? 

2.  The  greater  and  lesser  diameters  of  an  oval  man-hole  door  are  2  ft.  9  in.  and  a  ft.  6  in. : 

find  the  area. 

3.  What  is  the  area  of  an  oval  door  whose  diameters  are  1 2  inches  and  9  inohes  ? 

4.  The  greater  diameter  of  an  oval  funnel  is  4  ft.  6  in.,  and  the  lesser  diameter  4  ft« : 

what  spact}  will  it  occupy  on  the  deck  P 
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230.    To  find  the  drcumferenoe  of  an  Ellipse. 

BXTLE  LXXXI. 
MMiply  half  the  »um  of  the  two  diameters  hy  3*1416,  and  the  result  mil  give 
the  eircumferenee  sufficiently  accurate  for  practice. 

ExAlfPLTW. 


Ex.  I.    What  in  the  oircumferenoe  of  an 


Ex.  2.    What  lA  the  oircumferenoe  of  an 


ellipse  whoBO  diameters  are  24  and  1 8  inohes 
respectively  P 

is»n  diameter.  =  ^^'  =  >i. 

Giroomferenoe  =  3*1416  X  ai  =  65*9736. 


ellipse  whose  diameters  are  58  and  52  inohes 
respectively  P 

i.«md»metor.  =  ^^*=55- 
Ciroamferenoe  =r  3*1416  X  55  =  172*7880. 

•RVrAin»T.M   FOB  FBAOnOl. 

1.  What  is  the  circumference  of  an  ellipse  whose  diameters  are  30  and  20  respectively  P 

2.  If  the  diameters  of  an  ellipse  were  respectively  60  and  40,  what  is  the  droumferenoe  P 

3.  The  diameters  of  an  ellipee  are  6  and  4  respectively,  what  is  the  circumference  P 

4.  GKven  diameters  of  an  ellipse  3  and  2,  find  the  circumference. 

To  find  the  area  of  a  parabola. 

BULE  LXXXTT. 
Multiply  the  hose  by  the  height^  and  take  two-thirds  of  the  product  for  the  area. 


MENSURATION  OF  SOLIDS. 

It  has  been  already  said  that  a  line  has  only  one  dimension,  viz.,  length, 
and  that  a  superficies  has  two  dimensions,  viz.,  length  and  breadth ;  hence, 
in  calculating  area,  we  always  proceed  by  multiplying  two  dimensions 
together. 

We  now  pass  on  to  speak  of  solid  figures  which  have  three  dimenaions, 
viz.,  length,  breadth,  and  thickness,  and  it  wiU  be  noticed  that  in  every  case 
the  volume  or  solidity  is  calculated  by  multiplying  three  diwtensions  together. 

Every  superficies  is  bounded  by  lines ;  every  solid  is  bounded  by  superficies. 
De£ — ^A  cube  or  solid  square  is  a  solid  figure  contained  by  six  equal 
squares. 

Del — ^A  parallelopiped,  or  solid  reotangle  is  a  solid  figure  having  six 
rectangular  sides,  every  opposite  two  of  which  are  equal  and  parallel. 

The  above  definition  really  includes  only  what  may  be  called  reeUmgular 
parallelopipeds ;  the  regular  solid  constructed,  or  a  rhombus  or  rhomboid,  is 
also  a  parallelopiped,  and  may  be  treated  by  the  same  rules  as  the  rectangle, 
only  remembering  that  the  thickness  of  the  solid  must  then  be  measured  by 
i^Q  perpendicular  distance  of  the  sides. 

A  definition  of  the  term  as  used  in  this  wider  sense  is : — 

A  Parallelopiped  is  a  solid  figure  contained  by  six  quadrilateral  figures, 
whereof  every  opposite  two  are  parallel. 
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231.  To  find  the  volume  or  solidity  of  a  cube,  or  paralielopiped. 

BTTLE  TiXXXTTT. 

JUMiply  the  length  ly  the  breadth  and  that  produet  bff  the  depths  and  the 
result  wiU  be  the  solidity. 

Let  I  =:  length  of  a  side  of  the  cabe,  8  =  its  solidity,  and  «  =  its  surface ;  then  8  =:  /*, 
and /=:)/*«;  alB0»«^6/*. 

EXAKPLBS. 

Ex.  I.    Find  the  solid  content  of  a  cube  whose  side  is  24  inches. 

The  solid  content  =  24  X  24  X  H  =  13SH  cubic  inches,  Anaw&r, 

Ex.  2.    A  cubical  box  contains  343  cubic  feet :  required  the  length  of  its  side. 

Length  of  side  =:  i/»  343  =  7  feet. 

Ex.  3.    Find  the  content  of  a  block  of  stone  17  ft.  9  in.  long.,  14  ft  3  in.  broad,  and 
5  ft  6  in.  thick. 

The  cubic  content  =:  (17  ft.  9  in.)  X  (14  ft.  3  in.)  X  (5  ft  6  in.) 

=  213  in.  X  171  in.  X  66  in. 
=:  2403918  cub.  in.  =:  139 1  cub.  ft.  270  cub.  in.    Aimper. 

8ince  the  CUBIC  COVTEirT  =  LSiraTH  X  BBBADTH  X  HSIOHT,  it  follows  that  if 
any  three  of  these  be  given  the  fourth  may  be  found  thus — 

1.  The  (Mic  OotUmt  may  be  found  bj  multiplying  together  the  Lentfth,  Br^adth^  and 
Heighi. 

2.  The  Lmgth  may  be  found  by  diyiding  the  (MU  Obntent  by  the  product  of  the^Sreadih 
9Jid  Stiff  M. 

3.  The  Breadth  may  be  found  by  dlTiding  the  Oubie  OotUmt  by  the  product  of  the  Jjength 
and  Stiff ht, 

4.  The  Stiffht  may  be  found  by  dividing  the  Cubic  ChnimU  by  the  product  of  the  Lmiffih 
tadBrttuUh, 

EXAMFLBS   FOB  FbAOTIGB. 

1.  A  piece  of  timber  is  25  ft.  long.,  3  ft  wide,  and  5  ft.  thick,  what  is  its  solid  content  P 

2.  What  is  the  solidity  of  a  block  of  stone  s^*^  in.  long,  3  ft  2  in.  wide,  and  i  ft.  9  in. 

thiokP 

3.  How  many  cubic  foet  of  air  are  there  in  a  room  12  ft.  high,  18  ft  long,  and  15  ft 

9  in.  wide  P 

4.  What  is  the  length  of  the  side  of  a  cubic  stone  containing  13824  solid  feet  P 

5.  What  must  be  the  depth  of  a  cubical  box  that  shall  contain  125000  cubic  feet  P 

6.  Find  the  content  of  a  coal  bunker  29  ft.  6  in.  long,  9  ft.  3  in.  broad,  and  9  ft.  3  in. 

highP 

232.  To  find  the  volume  of  a  cylinder,  having  given  the  diameter  and 
length. 

EXJLE  LXXXrV. 

i^.    Multiply  the  square  of  the  diameter  by  '7854,  the  product  is  the  area  of 
the  section. 

2^     Then  multiply  this  area  by  the  length. 
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Ex.  I.    Beqoired  the  Tolame  of  a  cylinder  whose  diameter  of  base  is  30  inohes,  and  the 
length  25  inches. 

Area  of  base  =:  30'  X  '7854  =:  706*86 ;  . ' .  volume  =  706*86  X  >5  =  17671*5  oubio  in. 

Ex.  2.    Find  the  volume  and  weight  of  a  brass  ojlinder,  the  diameter  of  which  is  la 
inohety  and  height  9  inches ;  a  cubic  foot  of  brass  weighing  525  lbs. 

Volume  =  -7854  X  13'  X  9  =  1017*8784  onbic  inoheB. 
cabio  inches,  lbs. 

Hence  weight  =  ^^^^iZ^g^LiiS  =  309-25125  lbs.  =  309  lbs.  4  <». 

233.    To  find  the  yolome  of  a  oone. 

EULE  LXXXV. 
Proceed  exactly  as  in  the  foregoing  Bule,  and  divide  the  result  by  3. 


Beqnired  the  volume  of  a  cone,  the  diameter  of  the  base  being  10  inches,  and  height  15 
inohet. 

Volume  =  area  of  base  X  i  of  height  =  '73MJL^1JL3  =  35^.70  cubic  inches. 

234«  De£ — ^The  frustum  of  a  cone  is  the  part  that  is  left  after  the  top  or 
end  is  cut  off  by  a  plane  parallel  to  the  base. 

To  find  the  volume  of  the  frustum  of  a  cone. 

EULE  LXXXVI. 

Add  the  9gmr$%  of  the  diameters  of  the  two  ends  to  their  product:  this  sum 
wmltiplied  hy  one-third  the  perpendicular  height^  and  again  hy  '7854  wiU  give  the 
soUditg  of  the  frustum. 

239.    To  find  the  volume  of  a  sphere. 

Solidity  of  sphere  whose  diameter  is  D. 

S  =  i  D*  IT  and  D,  and  D  =  |/«^-^  hence  Rule. 

EULELXXXVn. 

Cube  the  diameter  and  multiply  hy  '5236  (=  ^^) ;  the  product  wiU  he  the 
solidity. 


Ex.  I.    What  is  the  solidity  of  a  sphere  whose  diameter  is  24  inches  P 

Solidity  =  diam.'  X  '5336 

=  a4«  X  '5*3^  =  'S^H  X  '5*3^ 
=  7238*2464  cubic  inches. 

Ex.  2.    What  is  the  cubical  content  of  a  sphere  whose  diameter  is  7  inches  P 

Cubical  content  =  diam.'  X  '5336 

=  7*  X '513^  =  343  X  •5*36 
=  179*5948  cubic  inches. 
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Examples  fob  Fbaoticib. 

I.    The  radios  of  a  sphere  is  4^  inches :  find  its  solidity. 

a.    If  the  diameter  of  a  balloon  is  6  ft.  2  in. :  how  many  cubic  feet  of  gas  will  it  contain  P 

3.  A  spherical  body  contains  2*80957  cnbic  feet :  what  is  its  surface  P 

4.  The  di  imeter  of  the  sun  is  i  la  times  greater  than  that  of  the  earth :  how  many  times 

greater  is  its  volume  P 

5.  A  sphere  contains  5946  cubic  inches :  find  its  radius. 

6.  If  the  cubical  content  of  the  earth  is  taken  as  23685(164967  cubic  feet :   what  is  its 

circumference. 

To  find  the  volame  of  the  segment  of  a  sphere. 

EULE  TiXXXVm. 

To  thru  times  the  square  of  the  radius  of  its  hose  add  the  square  of  its  height ; 
thm  multiply  the  mm  by  the  height^  and  the  product  by  '5236. 

To  find  the  volume  of  a  oylindrioal  ring. 

BXTLE  LXXXIX. 

Add  the  inner  diameter  to  the  thickness  of  the  riny^  muUiply  the  mm  by  the 
square  of  the  thiehness^  and  the  product  by  2*4674  (=  ^-^^-^  and  it  will  give 
the  solidity. 

EZAMPLB. 

Ex.  The  thickness  of  a  cylindrical  ring  is  2  inches,  and  the  inner  diameter  5  inches : 
required  the  solidity  P 

(>  +  5)  X  2"  =  7  X  4  =  38 ;  then  a8  X  3*4674  =  69*0872  cubic  inches,  Ant. 

Examples  fob  Fbaotigb. 

1.  Required  the  solidity  of  an  iron  ring  whose  axis  forms  the  circumference  of  a  circle ; 

the  diameter  of  a  section  of  the  ring  2  inches,  and  the  inner  diameter,  from  side 
to  side,  18  inches. 

2.  The  thickness  of  a  cylindrical  ring  is  7  inches,  and  the  inner  diameter  20  inches : 

required  its  solidity. 

3.  What  is  the  solidity  of  a  circular  ring  whose  thickness  is  2  inches,  and  its  diameter 

12  inches  P 


SUPBEFIOIAL  AKBAS  OP  SOLID  BODIES. 

236.    To  find  the  superfides  of  a  sphere. 

EULE  XO. 

Multiply  the  diameter  by  the  dreumferencCf  or  multiply  3*1416  by  the  square  of 
the  diameter^  and  the  product  wiU  be  the  surface. 
Or,  multiply  the  square  of  the  diameter  by  3*1416. 


Ex.    What  is  the  surfiEU^e  of  a  globe  whose  diameter  is  24  inches  P 

Oiroumference  =:  24  X  3*1416  ^  75*3984  inches. 

SurfSEU)e  =  75*3984  X  H  =  1809*5616  square  inches.     Ans, 

Or,  24"  X  3'H^6  =  576  X  3'i4»6  =  1809-5616  inches.    Am, 
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Examples  for  Phaotioe. 

1.  Wliat  is  the  surface  of  the  earth,  its  diameter  being  7957}  miles,  and  circumferenoe 

25000  miles  P  also  find  it  from  each  of  these  data  taken  separately. 

2.  The  Borface  of  a  sphere  contains  6734  square  feet :  find  its  radius. 

3.  The  radius  of  a  sphere  is  i  ft.  4}  in. :   what  is  its  surface  P 
4*    Find  the  surface  of  a  sphere  whose  diameter  is  7. 

237.    To  find  the  convex  surface  of  a  cylinder,  having  given  the  diameter 

and  length. 

EULE  XOI. 

i^.     Multiply  the  dreumference  hy  the  length  of  the  cylinder ^  the  product  is  the 

wmoex  surface. 

Note.— If  the  surface  of  the  entire  solid  be  required,  the  area  of  the  two  ends  most  be 
fonnd  and  added  to  the  convex  surface,  the  sum  is  the  entire  surface  required. 

Examples. 

Bx.  I.  Find  the  rounded  surface  of  a  |  Ex.  2.  How  many  square  feet  of  felt 
cylindrical  vessel  whose  diameter  is  20  |  will  be  required  to  coat  a  cylinder  which  is 
inches,  and  height  14  inches.  ,    66  inches  in  diameter,  »nd  height  5  ft.  3  in. 

1.  Circumference  of  base  =  3*1416  x  20  Circum.  of  base  =:  3*1416  y,66z=L  207*3456 
=  62*832,  j    Surf,  required    =  207*3456  X  63 

2.  Surface  required  =  circumference  X  =  13082*7728  sq.  inches. 


height  =  62*832  X  14  =  879*648  sq.  inches. 


90*571  sq.  feet. 


3*1416  Ex.  3.    What  is  the  entire  surface  of  a 

20  I    cylinder  whose  length  is  10  feet  and  its 

diameter  5  feet  P 


^*'^32^  Circumference  =  3*1416  X  5  =  15*7080 
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Convex  surface  =:  15*7080  X  10  =  157*08 

251328  5  X5  X*7854  =  areaofbase;  then*2  X 

62832  5  X5  X  •7854  =  5oX  7854  =  39**77  area 

of  both  bases, 

879*648  sq.  inches.  whence  157*08  +  39*277  =  190*357,  An$, 

Examples  fob  P&aotioe. 

I.    What  is  the  number  of  square  inches  in  the  outside  surface  of  a  cylinder  whose 
outer  diameter  is  15  inches,  and  height  20  inches? 

a.    What  is  the  convex  surface  of  a  cylinder  whose  circumference  is  76  inches  and  length 
5  ft.  4  in.  ? 

3.  What  is  the  surface  of  a  cylinder,  including  the  ends,  its  girth  being  1 2  ft.  and  length 

i5ft.P 

4.  Required  the  interior  surface  of  a  cylinder  the  length  being  12  ft,  and  the  radius  of 

the  bore  23  inches. 

5.  Required  the  superficial  content  of  a  cylinder  whose  diameter  is  21*5  in.  and  height 

i6ft.P 

238.  To  find  the  convex  surface  of  a  right  cone. 

EULE  xon. 

Multiply  the  drcumferenee  of  the  base  hy  the  slant  height  or  side  of  the  conc^  and 
take  half  the  product  for  the  area. 

239.  To  find  the  convex  surface  of  a  cylindrical  ring. 

EULE  xoin. 

Multiply  the  extreme  diameter  hy  the  thickness  of  the  ring,  and  the  product  by 
9*8696  (=  3*1416*)  the  resiilt  is  the  area, 
to 
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SIMPSON'S  RULE  FOR  AREAS. 


When  more  than  ordinary  accuracy  is  required  in  finding  the  area  of  a 
space  lying  between  a  curve  and  a  straight  line. 

Divide  the  base  of  the  figure  (suppose  it  to  be  the  following)  into  any 
number  of  equal  parts,  say  eight  (the  more  we  take  the  greater  aoouraqy  we 
attain),  by  drawing  lines  at  right-angles  to  the  base ;  this  will  give  an  odd 
number  of  points  of  division.  The  measurements  of  the  leng^  of  these  per- 
pendiculars, or  ordinaUSy  must  be  taken  from  a  scale  of  equal  parts,  and  used 
as  in  the  following,  which  is  called  Simpson's  Bule : — 

Let  S  =  the  sum  of  the  lengths  of  the  first  and  last  ordinates. 
£  =  the  sum  of  the  lengths  of  all  the  other  evtn  ordinates. 
O  =  the  sum  of  the  remaining  or  odd  ordinates. 
d  ^  the  common  distance  between  the  ordinates. 

Then  the  area  =  (l±-4-2-Ji£?)  x  d. 

Whence  the  following 

EULE  XOIV. 

To  the  8um  of  the  lengths  of  the  first  and  last  ordinates  add  four  times  the  ttMi 
of  the  lengths  of  all  the  other  even  ordinates,  and  twice  the  sum  of  the  rewmninff 
or  odd  ordinates ;  then  this  sum  multiplied  by  one-third  the  common  distance  tetwem 
the  ordinates  is  equal  to  the  area. 

For  example :  given  the  following  figare,  ABC :  required  the  area. 


8  =  0 
4  E  =  4  (ro  +  ,.28  +  ,.,7  +  -3)  =  4  (3.75)  =  ,5. 
20  =  2  (1-2  +  1-26  +  i-i)  =  2  (3-56)  =  712. 

d^=  I. 


Or  thus, 


AAV&A 

3 

^^" 

3 

-    3     -7-37. 

Eyens. 

Odds. 

2nd 

ro 

3rd 

1'2 

first        0 

4th 

1*28 

5th 

1-26 

last        0 

6th 

117 

7th 

I'l 

evens    15*00 

Sth 

•3 

356 

odds      7*12 

3*75 

2 

22*12 

4 

7'12 

com.  dist.      I 

15-00 

3)»»'ia 

Area    7*37 
This  rule  is  much  used  by  shipbuilders  in  calculating  displacements,  water  Hnet,  fto, 
and  is  on  tho  general  assumption  that  the  curve  is  parabolic ;   it  may  also  be  applied  to  0ia 
"working  off"  the  indicator  diagram. 
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Examples  fob  Fkaotioe. 

I.    The  length  of  a  rectangle  is  three  times  its  breadth,  and  its  area  is  5808  yards :  what 

is  the  length  in  feet  P 
a.    The  largest  possible  circle  is  cut  out  of  a  piece  of  paper  in  the  form  of  a  sqnare  whose 

side  is  7  inches :  what  is  the  area  of  the  remnants  P 

3.  A  circle  of  2  inches  diameter  is  cut  out  from  one  whose  diameter  is  3  inohes :  what  ifl 

the  area  of  the  remainder  P 

4.  Show  that  a  circle  of  5  inches  diameter  is  as  large  as  two  others  of  4  inches  and  3 

inches  diameter  together. 

5.  The  area  of  the  coal  field  of  South  Wales  is  100  square  miles,  and  the  average  thick- 

ness of  the  coal  is  60  feet.  If  a  cubic  yard  of  coal  weighs  i  ton,  and  the  annual  con- 
sumption of  coal  in  Great  Britain  be  70,000,000  tons :  find  the  number  of  years 
for  which  this  coal  field  alone  would  supply  Ghreat  Britain  with  coal  at  the  present 
rate  of  consumption. 
If  the  coal  annually  consumed  in  this  country  were  piled  up  into  a  pyramid,  having  for 
its  base  the  great  court  of  Trinity  College,  the  dimensions  of  which  are  no  by  90 
yards:  find  the  height  of  the  pyramid. 

N.B. — The  volume  of  pyramid  is  equal  to  the  area  of  the  base  multiplied  into  one-third 
of  the  height. 

6.  The  sides  of  a  rectangle  contain  12*19  feet  and  37*5  feot :  find  its  area. 

If  the  length  of  the  sides  were  only  known  to  be  correct  within  *o6  of  an  inch,  how  much 
might  the  true  area  exceed  the  approximate  one  ? 

7.  What  length  must  be  cat  off  a  board  6f  inches  wide,  that  the  area  may  be  a  square 

footP 

8.  What  fraction  of  a  square  foot  is  a  rectangle  whose  sides  are  f  of  a  foot  and  -H  of  a 

footP 

9.  A  ship's  hold  is  a  too  feet  long,  50  feet  broad,  and  4  feet  deep :  how  many  bales  of 

goods,  each  2  feet  4  inches  long,  2  feet  i  inch  broad,  and  2  feet  i  inch  deep,  can  be 
stowed  into  it,  leaving  a  gangway  of  3  feet  broad,  and  of  the  same  length  and 

depth  as  the  hold  P 

10.  What  is  the  area  contained  between  two  concentric  circles  whose  radii  are  2  feet  2 

inches  and  4  feet  P 

11.  Find  the  area  of  an  annular  valve  of  which  the  greater  and  less  diameters  are  9  and 

5  inches  respectively. 

12.  The  diameters  of  the  circles  are  10  and  6 :  required  the  area  of  the  circular  ring. 

13.  The  area  of  an  oval  varies  as  its  length  X  breadth.    When  the  length  and  breadth 

are  each  i  inch,  the  area  is  H  square  inch :  what  is  the  area  of  an  oval  whose 
length  is  7  inches  and  breadth  5  inches  P 

14.  The  volume  of  a  circular  cylinder  varies  as  the  height  X  square  of  diameter.    When 

the  diameter  and  height  are  each  i  inch,  the  volume  is  H  cubic  inch :  what  is  the 
volume  of  a  cylinder  whose  diameter  is  4  inches  and  height  2 1  inches  P 

15.  Find  the  surfeu^e  and  volume  of  a  sphere  whose  radius  is  6  feet  9  inches. 

16.  Of  two  cylinders,  one  contains  154  lbs.  of  water,  and  its  dimensions  are  half  those  of 

the  other :  how  many  cubic  feet  of  water  will  the  latter  cylinder  hold  P    A  cubic 
foot  of  water  weighing  1000  ounces  nearly. 

17.  If  the  diameter  of  the  earth  is  8000  miles,  and  the  interior  to  the  depth  of  5  miles  is 

known :  how  much  of  the  earth's  interior  would  still  be  unknown  P 

18.  Admitting  the  height  of  the  atmosphere  to  be  45  miles,  what  would  be  its  solid 

contents  P 

19.  If  405  million  square  inches  of  gilding  can  be  made  of  a  cubic  foot  of  gold :  find  its 

thickness. 

20.  A  valve  is  6  inches  in  diameter :  show  that  the  pressure  on  it  is  141*372  lbs.,  whether 

it  bo  considered  to  be  loaded  to  5  lbs.  per  square  inch  or  3*927  per  circular  inch. 
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21.  A  tank  which  is  circular,  and  16  feet  in  dopth,  contains  20,000  gallons :  what  is  its 

diameter  F 

22.  How  many  3  inch  cubes  can  bo  cut  out  of  a  12  inch  cube  ? 

23.  If  the  diameter  of  the  earth  be  7930  miles,  and  that  of  the  moon  2160  miles :  required 

the  ratio  of  the  surfaces,  and  also  of  their  volumes,  supposing  them  both  to  be  , 
spherical. 

24.  The  circumference  of  a  ring  is  161  inches,  and  its  width  i  inch :  required  its  internal 

diameter  and  area. 

25.  Required  the  surface  and  solidity  of  a  sphere  1 7  inches  in  diameter. 

26.  If  a  cubic  foot  of  gold  may  bo  made  in  gilding  to  cover  402600000  square  miles :  find 

the  thickness  of  the  coating  of  gold. 

27.  A  cube  contains  568  solid  feet  568  solid  inches :  find  its  edge. 

28.  The  edge  of  a  rectangular  chest,  which  contains  64  cubic  feet,  are  in  the  proportion 

of  I,  2,  4 :  find  the  actual  length  of  its  edges. 

29.  What  will  the  diameter  of  a  globe  be,  when  the  solidity  and  superficial  content  are 

expressed  by  the  same  number  f 

30.  Divide  a  cone  into  three  equal  parts  by  sections  parallel  to  the  base,  and  find  the 

height  of  the  three  parts,  that  of  the  whole  cone  being  20  inches. 

31.  It  is  required  to  find  tho  thickness  of  the  lead  in  a  pipe  of  an  inch-and-a-quarter  bore, 

which  weighs  14  lbs.  per  yard  in  length,  the  cubic  foot  of  lead  weighing  11325  ozs. 

32.  A  cable  which  is  3  feet  long  and  9  inches  in  compass  weighs  22  lbs. :  required  the 

weight  of  a  fnthom  of  a  cablo  which  measures  a  foot  round. 

33.  Compute  the  total  surface  and  the  solidity  of  a  cylinder  4  inches  in  diameter  and  5 

inches  long. 

34.  From  a  solid  cylinder  6  inches  long  and  3  inches  in  diameter  a  hole  is  bored  out  i'8 

in.  diameter :  required  the  solidity  of  the  tube  thus  made. 

35.  Required  the  bulk  of  the  metal  in  a  tube  12  inches  long,  2*7  inside  diameter,  the 

metal  being  '05  thick. 

36.  How  many  cubic  inches  of  metal  are  needed  to  make  a  hollow  spherical  shell  13  in. 

in  outer  diameter  and  '47  of  an  inch  thick  ? 

37.  Compute  the  radius  of  a  circle  which  shall  contain  exactly  i  square  foot  of  snr£&oe. 

38.  What  is  the  smallest  round  out  of  which  a  triangle,  with  the  sides  89,  82,  57,  may  be 

cut,  and  what  is  the  waste  P 

39.  A  three-cornered  scrap  of  wood  has  its  sides  8*7,  6*5,  4*4:   what  is  the  largest  round 

that  can  be  made  out  of  it,  and  how  much  waste  is  there  P 

40.  Describe  a  circle  which  shall  have  as  much  surface  as  an  equilateral  triangle  on  the 

base  52. 

41.  In  order  to  get  the  diameter  of  a  cylinder,  a  strip  of  paper  was  wrapped  round  it,  and 

the  overlapped  portion  cut  tb  rough  both  folds ;  the  length  of  the  strip  was  then 
measured  and  found  to  be  23*69  inches :  what  is  the  diameter  P 

42.  What  are  in  the  outer  and  inner  circumferences  of  a  ring  included  between  two  con- 

centric circles  whose  radii  are  13  and  17  inches? 

43.  The  radius  of  a  circle  being  i  foot,  how  many  square  inches  are  in  its  area,  and  what 

is  the  side  of  a  square  containing  the  same  area  ? 

44.  Assuming  the  earth  a  sphere  whose  radius  is  4000  miles,  what  decimal  part  of  tlie 

surface  is  occupied  by  England  and  Wales,  the  area  of  which  is  37324915  acres  f 
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240.  This  is,  in  fact,  a  ratio^by  means  of  which  the  relative  heaviness  of 
different  substances  is  considered  Vithout  reference  to  actual  weight  or  bulk. 
This  ratio  is  obtained  by  comparing  the  weights  of  similar  bulks  of  two  sub- 
stances. If,  for  instance,  a  cubic  inch  of  one  substance  weighs  10  ozs.,  and 
a  cubic  inch  of  another  substance  weighs  20  ozs.,  the  latter,  being  the  same 
in  bulk,  is  said  to  have  twice  the  specific  gravity  of  the  former. 

For  convenience,  it  is  usual,  instead  of  comparing  each  substance  in  com- 
mon use  with  each  other,  to  compare  all  of  them  separately  with  one  or  two 
standard  substances.  We  generally  take  distilled  water  at  the  temperature 
of  60^  as  the  standard  of  weight  for  all  solids  and  liquids,  and  dry  atmospheric 
air  with  the  barometer  at  30  inches  as  the  standard  of  weight  for  gases. 
Water,  however,  seldom  differs  so  much  in  specific  gravity  as  to  cause  any 
appreciable  error  in  practice.  The  specific  gravity,  then,  of  a  solid  or  liquid 
is  the  weight  of  any  unit  of  bulk  of  that  substance  divided  by  the  weight  of 
the  same  unit  of  bulk  of  water.  For  instance,  the  weight  of  a  cubic  foot  of 
a  particular  specimen  of  iron  is  found  to  be  467  lbs.  6  ozs.  =  7478  ozs. 

Now,  the  weight  of  a  cubic  foot  of  water  is  997  ozs.  The  specific  gravity 
of  iron  is  therefore  said  to  be  7*5.  The  practical  meaning  of  this  is,  that 
any  given  bulk  of  this  iron  weighs  7^  times  as  much  as  an  equal  bulk  of 
water.  The  specific  gravity  is  not  the  most  convenient  form  in  which  to 
record  the  weight  of  materials  for  the  engineer.  The  weight  per  cubic  foot 
is  better  for  his  purpose.  But  the  specific  gravity  has  the  advantage,  being 
independent  of  the  unit  of  bulk,  being  the  same  for  all  countries  and  all 
huDguages,  however  the  standards  may  vary. 

241.  Specific  Ghravity  of  Liquids.— The  specific  gravity  of  liquids  is 
generally  obtained  by  means  of  a  bottle  which  is  ground,  so  as  to  contain 
exactly  1000  grains  (or  other  units  of  weight)  of  water ;  being  carefully  dried, 
it  is  then  filled  with  the  given  liquid  and  weighed.  The  known  weight  of 
the  bottle  being  subtracted  gives  the  nett  weight  of  the  liquid  in  grains,  and 
we  have  only  to  mark  off  three  figures  of  decimals  to  get  the  specific  gravity 
of  the  liquid. 

242.  Specific  Gravity  of  a  Solid  heavier  than  Water.— The  specific 
gravity  of  a  solid  heavier  than  water  and  not  soluble  in  it  is  found  by 
weighing  it,  first  in  air  and  then  in  water.  The  difference  between  the  two 
weights  is  evidently  the  weight  of  the  water  which  has  been  displaced  by  the 
solid,  that  is  to  say,  of  an  equal  bulk  of  water.  Hence  the  tpseifie  graviiy  u 
got  hy  dividing  the  weight  A  air  bg  this  differenee^  or  the  lose  in  water.  For 
instance,  suppose  a  substance  is  first  weighed  in  the  ordinary  method,  and 
its  weight  is  found  to  be  250  grains.  The  substance  is  then  suspended  by 
means  of  a  horse-hair  or  fine  thread  under  one  scale,  so  that  it  dips  into 
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water,  the  weight  in  water  being  also  found  to  be  150  grains.      Then 
according  to  the  preceding  rule  we  have 

Weight  of  body  in  air        250  grains 
„  „         water   150      „ 

roo]25o(2'5  :=  specific  gravity. 

The  rule  is  obtained  thus : — 

Let  a  =  weight  of  substance  in  air 
icr=      „  ,,  water 

a  :=  specific  gravity  of  the  water 
G  =      ,,  „  substance 

Then  (a  —  %o)i  ai\  8xQt\ 

OP  G  =  ^^  =  from  the  above -^5ooLI_  ^  ?io  ^  ;i:^Jlmi^ 

a — w  150  — 150        100        loss  in  water  ^ 

243.  Speoific  Gravity  of  a  Solid  lighter  than  Water. — Attach  to  the 
lighter  body  another  that  is  much  heavier  than  the  fluid,  so  that  the  com- 
pound mass  may  sink  in  the  fluid.  Weigh  the  heavier  body  and  the  com- 
pound mass  separately,  both  in  water  and  out  of  it ;  then  And  how  much 
each  loses  in  water,  by  subtracting  its  weight  in  water  from  its  weight  in  air ; 
and  subtract  the  less  of  these  remainders  from  the  greater. 

Then,  as  this  last  remainder  =  a  —  d, 

:  the  weight  of  the  light  body  in  air  =  0 
: :  the  specific  gravity  of  the  fluid       =  a 
:  the  specific  gravity  of  that  body      =  g 

Example. 

Ex.    Required  the  specific  gravity  of  a  piece  of  beeswax  (using  a  piece  of  gold  as  a  »ink$r), 

(drains. 
Weight  of  beeswax  in  air  42*0    :=.  e 

,f         sinker  in  air  7 7 'a 

„         thread  (to  tie  them)  in  air     '65 

Weight  of  compound  in  air  '  19*^5 

„  „  water  68*70 
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Loss  of  compound  in  water  S^'^5  =  ^ 

Weight  of  gold  in  air  75*5 

„  „    in  water  70*2 

Loss  of  sinker  in  water  5*3  =  b 

Difference  of  loss  45*^5 

Then  (a  —  b) :  ei:  a:  g 

Or,  speoific  gravity  =  ^^  •  =  -il2Jii_  =  -i^  =  .916. 
'   *^  ^  ^        a  —  b        5115  —  53         45*85  ^ 

Again,  ''  Suppose  a  pound  of  poplar  wood  to  be  sunk  by  the  help  of  two 
pounds  of  iron,  specific  gravity  7*2,  and  that  the  total  weight  in  water  is 
'0556  lbs.y  we  know  that  the  bulk  of  the  iron  an^  wood  together  will  be  the 
same  as  that  of  (3  —  '0556  =)  2*9444  lbs.  of  water.  But  the  bulk  of  the 
iron  is  that  of  ^h  ^^s*  =  '2778  lbs.  of  water.  The  bulk  of  the  pound  of  wood 
is  consequently  that  of  2*9444  —  -2778  lbs.  =  2*6666  lbs.  of  water.  Its 
specific  gravity  is  therefore  -^.-^-g  =  -37$. 
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To  obtain  accuracy  many  precautions  are  necessary,  such  as  yamishing  the 
wood,  and  so  on.  In  some  cases  it  is  more  convenient  to  ascertain  the  bulk 
by  actual  measurement  and  then  weighing." 

For  the  sake  of  simplicity  the  weight  of  the  air  is  neglected.  The  conse- 
quence is  that  the  specific  gravity  thus  obtained  is  incorrect,  since  the  weight 
of  the  water  and  of  the  substance  are  each  diminished  by  that  of  an  equal 
bulk  of  air.  '<  Thus,  if  a  cubic  foot  of  limestone  weighs  172  lbs;  in  air,  and 
a  cubic  foot  of  water  62*365  lbs.  in  air,  if  we  neglect  the  weight  of  the  air 
we  get — 

Specific  gravity  =  ^^  =  vnsn9Sl» 

But  a  cubic  foot  of  air  weighs  '08  lb.  at  40^  Fahrenheit  and  atmospheric 
pressure.    The  true  specific  gravity  is  therefore 

Specific  gravity  =  ^^,±^  =  H^  =  .-7344^. 

The  difference  of  these  is  '003533,  or  about  yrftny  ^^  shows  very  well 
what  is  the  proportionate  error  made  by  neglecting  the  weight  of  the  air. 
For  substances  very  much  lighter  than  water  the  error  is  greatest.  For 
those  about  the  same  weight  as  water  this  error  vanishes,  and  for  very  heavy 
substances  the  error  is  also  small." 

The  operation  of  finding  the  specific  gravity  of  the  materials  with  which 
he  may  have  to  operate  should  be  practised  by  every  engineer;  it  is 
exceedingly  simple,  and  requires  only  the  use  of  an  ordinary  good  balance 
with  small  weights.  At  the  end  of  the  volume  a  table  is  given  of  the  specific 
gravity  of  substances  in  common  use. 

A  Table  of  specific  gravities  shows  the  relative  weights  of  the  various 
substances.  In  order,  thence,  to  determine  the  actual  weight  per  cubic  inch 
or  cubic  foot  of  any  substance,  we  must  multiply  the  weight  of  a  cubic  inch 
or  cubic  foot  of  water  by  the  specific  gravity :  thus,  platinum  having  the 
specific  gravity  22*07,  is  rather  more  than  twenty- two  times  as  heavy  as 
water,  and  a  cubic  foot  of  it  would  weigh  (62*5  x  22*07)  1379  pounds. 

When  the  dimensions  of  a  solid  body  are  given  we  are  now  able  to  compute 
its  weight,  by  multiplying  the  number  of  cubic  units  by  the  weight  of  a 
cubic  unit  of  water,  and  again  by  the  specific  gravity  of  the  substance. 

EZAMFLBS. 

Ex.  I.    What  is  the  weight  of  a  cubic  foot  of  sea  water  P 

Weight  of  cub.  foot  of  sea  water  =  weight  of  cub.  foot  of  pure  water  X  speoifio  gravity 
of  sea  water. 

Weight  of  cub.  ft.  of  pure  water  =  62*5  lbs. 
Specific  gravity  of  sea  water      =  1*025  (Table) 

1250 


Ansicer    64*0625  lbs. 
In  practice,  64  lbs.  is  taken  as  the  weight  of  a  cubic  foot  of  sea  water. 
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Ex.  2.    What  is  the  weight  of  a  cubic  foot  of  wrought  iron  ? 

62 '5  lbs. 
(Slo  Tabic)  7*7  specific  gravity. 

4375 
4375 

481*25  lbs. 
In  practice  the  weight  of  a  cubic  foot  of  wrought  iron  is  taken  as  480  lbs. 

£x.  3.    What  is  the  weight  of  a  solid  cast  copper  cylinder  4}  inches  diameter  and  6 

inches  high  P 

Specific  gravity  of  cast  copper  8*788. 

Specific  gravity     8788  Dia.  4*5  *7854 

62-5  4*5  2025 


43940 

17576 
5»7»8 

5492500 
or  549  lbs.  per  cub.  foot. 


*»5 
180 


20*25 


39270 
15708 
15708 

Area  of  base  =  15*90435)^1 

6 


Cubic  in. 

Cubic  in. 

lbs. 

1728 

'    95*4    :: 
549 

549 

Volume  95*42620  cub.  ins. 


8586 
3816 

4770 

")5a374'6 
1728^  12)  4364*55 


12)     363-7125 


30*3093  lbs.  Answer^  30J  lbs.  (over). 

EXAMPLSS  FOB   FjEtAOTIOB. 

Required  tne  weight  of  a  block  of  marble  6  ft.  7  in.  long,  4  ft  2  in.  broad  by  3  ft 

10  in.  thick,  in  pounds  and  tons. 
What  is  the  weight  of  water  in  a  cistern  43  by  32  by  23  inches  P 
Required  the  weight  of  a  bar  of  steel  i\  in.  square  and  3  ft.  6  in.  long. 
A  piece  of  lead  is  in  the  form  of  a  pyramid,  on  a  square  base  whose  side  is  5  in.,  the 

height  of  the  pyramid  being  6  in. :  required  the  weight. 
What  is  the  weight  of  a  round  rod  of  iron  i^  in.  in  diameter  and  1 1  ft.  long  P 
Required  the  weight  of  a  silver  disc  1*16  iu.  in  diameter  and  '063  thick. 
What  is  the  weight  of  a  gold  wire  '0163  in.  thick  and  18*27  in.  long  P 
A  cylindric  pitcher  is  4*37  in.  in  diameter  and  5*23  in.  deep:  what  weight  of  water 

does  it  hold  P 

245.  As  we  discoyer  the  weight  from  the  known  bulk,  so  we  can  deter- 
mine the  bulk  when  the  weight  is  known.  Thus,  if  we  wish  to  know  the 
volume  of  an  irregular  mass,  the  measurement  of  which  geometrically  might 
be  impossible,  we  may  weighit  in  air  and  in  water  (Nos.  243 — 244),  and  so 
ascertain  the  weight  of  its  bulk  of  water;  then  allowing  at  the  rate  of 
252*498  grains  per  cubic  inch  we  obtain  its  volume. 

Similarly,  we  are  able  to  compute  the  diameter  of  a  body  which  shall  have 
a  proposed  weight.     Thus,  we  may  propose  to  construct  a  cylindrical 


I. 

2. 

3- 
4. 

5- 
6. 

7- 

8. 
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measure  to  hold  one  gallon  of  water,  that  is,  10  pounds  or  7000  grains.  A 
cylindrical  inch  of  water  weighs  198*28  grains,  therefore  a  gallon  measuje 
must  contain  3 9 3*031  cylindrical  inches,  and  if  D  be  the  diameter  and  H  the 
height  of  the  cylindric  gallon  measure,  we  must  have 

D*  H  =3353031 
If  the  diameter  be  given  we  may  compute  the  height  by  formula, 

XT  _  353*031 
^  —  -jjr- 

or,  if  the  height  be  prescribed  the  diameter  is 

And  if  it  were  desired  to  make  such  a  measure  with  the  height  equal  to 
the  diameter  we  should  have 

H  =  D  =  v/«  1 353031  j 

Again,  the  question  may  arise,  ''  what  must  be  the  diameter  of  a  cast-iron 
ball  that  shall  weigh  so  many  pounds  ?  " 
In  such  a  case  we  have  the  formula 

W  =  i  T  D'  X  a5a*458  X  epeoiflc  gravity, 

Whence  D  =  •»  {,  xTia«8"Seciflo  g~yity  } 
when  the  weight  is  taken  in  grains  and  the  diameter  in  inches. 

246.  The  other  problems  relating  to  specific  gravity  are  the  following  :— 
Oiven  the  quantities  and  specific  gravities  of  two  or  more  substances 
separately  to  find  the  specific  gravity  of  the  mixture.  For  this  it  is  sufficient 
to  multiply  each  quantity  by  its  specific  gravity,  add  the  products,  and 
divide  by  the  total  quantity.  Thus,  if  we  melt  together  i ;  ozs.  of  copperi 
specific  gravity  87,  5  ozs.  of  tin,  specific  gravity  7*4,  and  2  ozs.  of  lead, 
specific  gravity  1 1  '4,  the  specific  gravity  of  the  bronze  wiU  be 

15  X  8'7  +  5  X  7'4  +  a  X  ii'4  _  !90\3  —  0.5- 

supposing  that  no  dilatation  or  contraction  takes  place.  But  if  there  is  a 
contraction  from  the  original  bulk,  say  in  the  ratio  of  i  :  99,  the  specific 
gravity  will  be  increased  in  the  ratio  V^„",  and  will  therefore  be  8*74.* 

The  other  practical  question  is :  Having  given  the  specific  gravity  of  a 
mixture  in  unknown  proportions  of  two  substances,  the  specific  gravities  of 
which  are  known,  to  find  the  proportions  in  which  they  are  mixed.  This 
requires  the  solution  of  an  algebraic  equation,  of  which  only  the  result  is 
here  given.  Suppose,  to  fix  our  idea^,  we  have  a  lump  of  gold  quartz,  the 
specific  gravity  of  which  we  call  W,  and  the  specific  gravities  of  gold  and 
quartz  we  call  Ot  and  Q  respectively.    The  quantity  of  gold  in  an  unit  of 

weight  of  the  mixture  will  be  q  ztqj  and  the  quantity  of  quartz  will  be  qZ.q» 
Here  again  it  is  supposed  that  there  is  no  dilatation  or  contraction. 

*  Technical  Arithmetic  and  Mmmration,  by  Charles  W.  Merrifield,  F.B.S.     London : 
hoiDgBuais  k  Go.    This  work  is  eamoiUy  recommended  to  the  attention  of  the  reader. 
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247.  GKyen  the  length,  width,  and  height  of  a  coal  banker,  and  the 
number  of  cubic  feet  to  a  ton,  to  find  the  quantity  of  coals  it  will  contain. 

ETJLE  XOV. 

1°.  Reduce  the  inches  to  the  decimal  of  afoot  (see  Eule  LTTT,  §  i  {9,  pages  117 
—118). 

2^  Multiply  the  lengthy  width,  and  height  together  (see  Eule  XLYI,  page  1 02)1 
the  product  is  the  contents  of  the  bunker  in  cubic  feet. 

3^.  Divide  this  last  (2^)  hy  the  number  of  cubic  feet  to  a  ton;  the  quotient 
is  the  quantity  of  coal  the  bunker  will  contain,  expressed  in  tons  and  decimals 
of  a  ton. 

4°.  Find  the  value  of  the  decimals  of  a  ton  in  the  inferior  denominations  (see 
Eule  LY,  §  161,  page  120). 

Examples. 

Ex.  I.    A  ooal  bunker  is  18  feet  9  inches  long,  7  feet  6  inches  wide,  and  S  feet  3  inches 
high :  required  the  quantity  of  coals  it  wiU  contain  at  38*6  cubic  feet  per  ton  (by  decimals). 

12)9*0  ia)6*o  12)3*0 

•75  '5  '*5 

18  ft.  9  in.  =  i8'75  ft. ;  7  ft.  6  in,  =  7*5  ft. ;  8  ft.  3  in.  =  8*25  ft 

Ck)ntent8  of  bunker  =  1875  X  7*5  X  8-25  =  1160*15625  cubic  feet. 

1 8*75  Cubic  feet  in  i  ton  =:  38*6 

7*5  ,  * .  tons  in  bunker  =  *r<gy|AlA 
38'6)ii6o*i5625(30o559  nearly. 

9375                                            "58                      »o 
13125  

— —  2156  i'ii8^  cwt. 

140-625  1930                4 

825  

2262  0*472  qrs. 

703125  1930             t8 

281250  — — 

1 125000  3325  3776 

.    ^  3474        944 

1160*15625  cubic  feet.  -^— 

Am.  .*  30  tons  i  cwt.  o  qrs.  13  lbs. 


13*216  lbs. 


Ex.  2.  A  coal  bunker  is  20  feet  4  inchfis  long,  8  feet  7  inches  broad,  4  feet  3  inches  in 
depth :  required  the  quantity  of  coal  it  will  contain,  44  cubic  feet  being  equal  to  a  ton  (to 
be  worked  by  decimals). 

4  in.  =  A)4'o  7  in.  =  A)7'o  3  in.  =  A)3*o 

•333  '5833  '^5 

20  ft.  4  in.  =z  20*333 ;  8  ft.  7  in.  =z  8*5833 ;  4  ft  3  in.  =  4*25, 

20*333  X  85833  (=  174*5242389  X  4*»5)  =  74»'7»8oi5325  cubic  feet 

Cubic  feet  in  i  ton  ==  44. 

.  • .  tons  in  bunker  =  Tiri>nugi>  =  16*85745  tons  =  16  tons  17  cwt  o  qrs.  16  lbs. 
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Ex.  3.  A  orosB  bunker  is  20  feet  deep,  and  18  feet  long,  and  to  find  its  width  three 
measorements  are  made,  the  upper  one  is  29  feet,  the  middle  one  23  feet,  and  the  lowest  one 
18  feet :  how  many  tons  of  coal  will  it  hold  at  45  cubic  feet  to  the  ton  P 

To  find  the  mean  width,  add  together  the  first  and  third,  and  4  times  the  middle  width, 
and  diyide  by  6. 

ist  29  fbet 
4  times  2nd  =:  92 
3rd  18 


6)139-000                                         (5)8340- 
45  J    


120  cubic  feet 


23*167  mean  width  (  9)1668*024 

20  — — 

-^—  185*336  tons 

463*340  Am,  185*336  tons. 

18  length 


3706720 
4^3340 


8340*120  cubic  feet 

Ex.  4.  A  coal  bunker  is  6  feet  6  inches  at  the  top  and  4  feet  6  inches  at  the  bottom,  16 
feet  long  and  8  feet  6  inches  high :  what  weight  of  coals  will  it  contain  P 

State  how  many  cubic  feet  per  ton  you  will  allow. 

For  the  mean  width  add  width  at  top  and  at  bottom  together  and  divide  by  2 :  thus, 

6  feet  6  inches  -f  4  f<^t  6  inches  =11  feet  o  inches, 
then  II  feet  o  inches  ^2  =  5  feet  6  inches,  or  5*5  feet  mean  width. 

Allow  45  cubic  feet  to  a  ton. 
Then  16  X  S*S  X  8*5  -7-  45  =  16*622  tons  =  16  tons  12^  cwt.  nearly. 

Ex.  5.  Two  bunkers  are  to  be  partitioned  o£f  to  hold  54  tons  of  ooal  at  45  cubic  feet  per 
ton :  the  bimker  is  to  be  12  feet  and  5  feet. 

Then  since  Length  =  cubic  contents  divided  by  product  of  BreatUh  and  E&ight  (Rule 
TiXxXTTT,  page  190). 

Cubic  contents  of  i  bunker  =  54  X  45  ^  2  =:  12*15  cubic  feet. 

Area  of  section  =  12  X  5  =  60  square  feet, 

•  * .  length  =  m^  =  20*25  ^<^^>  o'  ^o  feet  3  inches,  Afmo$r. 

Ex.  6.  A  ooal  bunker  is  28  feet  9  inches  long,  by  12  feet  6  inches  wide,  and  8  feet  high ; 
and  2  side  bunkers  each  29  feet  9  inches  by  9  feet  6  inches,  and  the  same  height  as  the  cross 
one,  how  many  tons  of  coal  will  each  hold  at  45  cubic  feet  to  the  ton  ?  And  how  many 
baskets  of  ooal  will  there  be  altogether  if  20  baskets  weigh  16  cwts.  P 

Ckmtents  of  cross  bunker  =  28  75  X  12*5  X  8  =  2875  cubic  feet. 

„         2  side     „      =  29*5  X9X5X8X2=     4484  „ 

«   ^.  (5)7359  »» 

drts.         Tons.         Baskets.  45  I     _~ 

16  :  163*87  : :  20  :  «        (9)1471*8 


20 


3277-41^  cwt. 
20 


163*87  nearly. 


( 4)65548-^ 


16   -- 
(4)1 


6387 


4096}  baskets. 
. ' .  total  number  of  baskets  ==  4096},  Antwtr, 
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Examples 

FOR 

Praotiob. 

CUBIC  FRT 

NO. 

LXHOTH. 

BEXADTU. 

HXIOHT. 

PER  TOIV. 

I. 

15  feet  0 

inches. 

5  feet  0 

inches. 

9  feet  0 

inches. 

44 

1. 

»4  )>    0 

» 

8    „    0 

>» 

3    »»    6 

43 

3- 

32    ».    3 

)» 

8    „    6 

» 

8    „    0 

4a 

4. 

50   „    8 

»» 

II    „  10 

If 

"    »    5 

4a 

5- 

33    i>    9 

» 

8    ,,    9 

» 

10    „    9 

44 

6. 

29   „    6 

>i 

9    «    3 

» 

9    t>    3 

4» 

248.     Any  two  dimensions  of  a  square  or  rectangular  tank  being  given,  to 
find  the  third  so  that  the  tank  shall  hold  any  number  of  imperial  gallons. 

RULE  XCVI. 

i^.    Multiply  the  length  hi/  the  breadth  ^hoth  being  expressed  in  feet  and 
deeimais  of  a  foot  J,  the  product  will  be  the  square  feet. 

2^.    Multiply  the  number  0/ gallons  the  tank  is  required  to  contain  iy  'i6| 
or  divide  hy  6^  (6*25),  the  result  in  either  case  is  the  contents  in  eubiefeet, 

KoTB. — I  gallon  of  water  =1  *i6  cubic  feet,  or  6^  gallons  =  i  cubic  foot. 

3^.     Diyide  the  result  obtained  by  No,  i,  by  the  product /otinJ  hy  No  2^;   the 
quotient  is  the  height  infest  and  deeimais  of  afoot. 

Or  hfiiffht  —     -i^xgaUonB     _     gallona  ~  6-25 
\jT,  ueigaii  —  length  X  breadth  —  length   x  breadth 

Examples. 

Ex.  I.    A  tank  is  7  ft.  long  by  3  feet  4  inches  broad,  what  height  must  it  be  to  contain 
900  gallons  P 

Height  =    ''^^^    =  ^  ^  ^'"5 

*^  7  X  33333         7  X  3*3333 

. ' .  900 1=  900  X  *i6  =  144*00  cubic  feet. 

900  6*25)900(144 

•16  625 

144*00  cubic  feet.  &c. 

3  ft.  4  in.  X  7  ft.  =  3*3335  X  7  =  a3'3333. 

»3*3333)'44'oooooo(^'»7'  ft- 
1399998     12 

400020  2*052  in. 
^33333 


1666870 
1633331 

335390 
^33333 


AnHPer :  6  feet  2  inches. 
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Ex.  a.    A  tank  is  8*75  feet  long  by  4^  feet  broad :  what  height  miut  it  be  to  oontain  i  a  10 
gallonBP 

Height  =  :'^  ^  '"°  Height  =  "'£±^21 

^^   *         8-75  X  425  ^             8  75  X  425 

laio  gallona.  8*75 

7^60  4375 

laio  1750 


193*60  oabic  feet. 


3500 


37*1875 
f 
59375  " 


37-i875)io3-6ooo(  5*ao6  ft. 
18 


766250  a*47a  in. 
743750 


Breftdth* 

Oallomu 

7  ft.  9  in. 

3766-3 

9      4 

5^80 

II      3 

i6a3a*4 

a3      6 

I3a97i 

aa50ooo 
a23ia50 

. ' .  height  ^  5  ft.  a^  in.,  nearly. 

In  each  of  the  following  examples  it  is  required  to  find  the  height  of  the 
tank,  having  given  the  following  quantities. 

EZAMPLBS   FOB  FaAOTIOB. 

Length.  Breadth.  Oallons.  Length. 

I.        6  ft.  4  in.         4  ft.  Sin.  660  5.        14ft.  3  in. 

a.      II      3  3      9  i>5>i  ^*        12      8 

3-9      3  36  ^57*  6-        33      9 

4.      18      6  70  S^^^  8.        49      9 

249.  If  we  have  the  three  dimensions  of  a  square  or  reotangolar  tank 
given,  to  find  the  number  of  gallons  it  would  contain  we  may  proceed  thus : — 

EULE  xovn. 

i^.  Take  the  continued  product  of  the  lengthy  hreadthf  and  depth  in  feet  and 
deeimdh  of  afoot, 

2^.  Next^  multiply  this  produet  hy  the  number  of  gaUane  to  a  eubie  foot,  vw., 
6i  (jor  6*25),  the  reeult  is  the  number  ofgaUone  required  to  fill  the  tank. 

FiTAltfPLTM. 

Ex.  I.  A  tank  is  13  feet  6  inches  long,  5  feet  6  inches  wide^  and  5  feet  deep :  how  many 
onbio  feet  will  it  oontaiD,  also  the  number  of  gallons  required  to  fiU  it  P 

13  ft,  6  in.  =  13*5  feet.  5  ft  6  in.  =  5*5  feet 

6^  gallons  =,  i  cubic  foot. 

13*5  y^  S'sy^S'=^  37 1  •^5  oiiWc  feet. 
37i'a5  X  6J  =  a3ao'5ia5  gallons. 

Length       13*5  feet.  371*25  cubic  feet 

Width  s's   u  ^'^5 

675  185^*5 

675  74*50 
aaa75o 

74'«5  

Depth  5  a3ao*3ia5  gallons. 

Contents  371*35 


2o6  On  JBunk&ra,  Tanhs^  Sfc. 


Again,  it  is  required  to  know  what  weight  of  fresh  water  would  fill  the 
above  tank. 

A  cubic  foot  of  fresh  water  =  62*5  lbs. 
.  * .  contents  of  tank  =  371*25  cubic  feet  X  6a*5  =  23203*125  lbs.  of  fresh  water. 

=:  23203*125  lbs.  ^  2240  =  10*3585  tons. 
=  10  tons  7  cwt.  o  qr.  19  lbs.,  Atuwer, 


yjv^S  2240)23203' i25(  10*3585  tons. 

62*5                           2240  la 

185625                                8031  7*i7(!Acwti. 

74*50                                 ^7»o  4 


222750 


13112  0*68  qra. 


Weight  of  fresh  water  =  23203*1 25  lbs.  1 1200  28 

i9"5  544 

17920  136 

Afmoer  10  tons  7  cwt.  o  qr.  19  lbs.  '12050  19*04  11m* 

If  it  be  required  to  know  what  weight  of  sea  water  this  tank  would  hold : 

A  cubic  foot  of  sea  water  =  64  lbs. 
.  * .  contents  of  tank  =  317*25  cubic  feet  X  64  =  23760  lbs.  of  sea  water. 

=  23760  lbs.  ^  2240  =  10*6071  tons. 
=  10  tons  12  cwt.  o  qr.  16  lbs. 

37i»5 
64 


148500 
222750 


Weight  of  sea  water  =  23760*00  lbs. 


;4o)2376o( 
2240 

10*6071  tons. 
20 

13600 
13440 

12*142))  cwt. 

4 

16000 
15680 

3200 
2240 

0*568  qrs. 
28 

4544 
1136 

15*904 


Or,  since  35  cubic  feet  of  sea  water  make  a  ton,  we  may  proceed  to  find  what  weight  of 
salt  water  the  tank  will  hold  as  follows :~ 

Contents  371*25  cubic  foet. 
(5)37»'a5 


35 


I 


7)74-a5 


10*6071  tons. 
20 


i2*i42|E(  cwt. 

4 

0*568  qrs. 
28 

4544 
1136 

15*904  lbs. 
Aimoer,  10  tons  la  cwt.  o  qr.  16  lbs.  nearly. 
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Ex.  3.    A  tank  is  la  feet  lon^;,  6  feet  wide,  and  5  feet  deep :   how  many  cabio  feet  of 
water  will  it  contain,  and  how  many  gallons  of  fresh  water  wiU  fill  it  ? 

Contents  =  la  X  6  X  5  =  360  cubio  feet. 

A  gallon  of  fresh  water  =:  6}  (:=  6'%$)  cubic  feet, 

.  * .  360  onbio  feet  X  6'2$  z=  2250  gallons  of  fresh  water. 

What  weight  of  fresh  water  would  fill  it  P 

A  cubic  foot  of  fresh  water  is  equal  to  62*5  lbs., 

. ' .  360  cubic  feet  X  62*5  =  32500  lbs. 

22500  lbs.  -r  2240  =  10*04464  tons 

=:  10  tons  o  cwt.  3  qrs.  16  lbs. 

What  weight  of  salt  water  will  it  contain  P 

A  cubio  foot  of  sea  water  equals  64  lbs. 
. ' .  360  cubic  feet  X  64  =:  33040  lbs. 
23040  lbs.  -r  2240  =10  tons  5  cwt.  2  qrs.  24  lbs. 

Or  thus: — 

A  ton  of  sea  water  =  35  cubic  feet. 

(5)360 

\    7)7* 

10  5  2  24 

Ex.  3.  A  tank  is  10  feet  9  inches  long,  4  feet  9  inches  wide,  and  7  feet  6  inches  high : 
find  the  number  of  gallons,  and  the  weight  in  tons,  of  fresh  water  it  contains  P 

io*75  X  4*75  X  rs  =  382*96875  cubic  feet, 
.  • .  382-96875  X  6-25  =  2393*5546875  gallons. 

A  cubic  foot  of  fresh  water  weighs  62^  lbs. 

. ' .  382-96875  cubic  feet  X  625  =  23935-546875  lbs. 
^3935*546875  lbs.  -f-  2240  =  10-685512  tons, 

=  10  tons  13  cwt.  3  qrs.  23^  lbs. 

Ex.  4.  A  tank  is  4  feet  long,  4  feet  wide,  and  i  foot  deep :  how  many  gallons  of  water 
will  it  contain  P 

4  X  4  X  I  =  16  cubic  feet. 
16  cubic  feet  X  6*25  z=.  100  gallons. 

Whence  it  is  evident  that  tanks  4  feet  long  by  4  feet  wide  contain,  for  every  foot  of  depth, 
100  gallons  of  water,  which  makes  it  very  easy  to  ascertain  the  quantity  of  water  remaining 
in  these  tanks  at  any  time  during  a  voyage. 

Ex.  5.  A  four  feet  square  tank  is  sounded,  and  the  rod  shows  4}  feet  of  water :  how 
many  gallons  are  there  in  it  P 

Since  in  a  four  feet  square  tank  for  every  foot  of  depth  of  tank  there  are  100  gallons  of 
water,  then  for  4}  feet  depth  there  will  be 

100  gallons  X  4}  =:  475  gallons. 
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Ex.  6.    How  many  gallonB  of  water  will  14  tanks  hold,  each  tank  6  ft.  by  5  ft.  by  3  ft. 
6  in.|  and  what  quantity  mnst  be  allowed  per  day  per  man  to  serye  26a  personi  for  i  a  days  P 

Contents  of  each  tank  =z  6  ft.  X  5  ft.  X  3'5  ft>  =  105*0  cubic  feet, .'.  contents  of  14 
tanks  =  105*0  X  14  =  1470  oabic  feet ;  and  1470  X  6'25  =:  9187*5  gallons. 

9187*5  ^  362  =  35*0668  -^  24  =^  1*4611  gallons, 

or,  9187*5  ^  (262  X  24)  =  91^7*5  -r  ^288  =  1*4611  gallons. 


6 
5 

30 
3*5 

105*0  cubic  feet  i  tank. 
14    number  of  tanks. 

420 
105 

1470  cubic  contents  of  tanks. 


Cubic  contents  of  14  tanks    1470  feet. 
I  cubic  foot  =    6*35  gallons. 

7350 
2940 

8820 


Contents  in  gallons 


9187*50 


262 
*4 

1048 
5H 

6288 


6288)9187*5(1*4611  gallons. 
6288 


28995 

38430 
37728 

7020 
6288 


7320 


262)9187*5(35*0668 
786 

1327 
1310 


1750 
1572 


1780 
'572 

2080 
2096 


(4)35*0668  each  for  12  days. 

6)  8*7667 

1*4611  gallons. 
4 

1*8444  quarts. 

2 


1*6888  pints. 

4 


»'7552  gills. 
I  gal.  I  qt.  I  pt  2f  gls. 


Etampt.tbb  fob  Praoticob. 

Ex.  I.    How  many  gallons  will  32  tanks  hold,  each  tank  7  ft.  by  6  ft.  by  3}  ft.,  and  what 
quantity  must  be  allowed  per  man  per  day  to  serve  262  persons  for  12  days  ? 

Contents  of  32  tanks  =  31500  gallons ;  allowance  for  each  person  per  day  1*727  or  i  gal. 
3  quarts  i  pint  3*26  gills. 

Ex.  2.    How  many  gallons  will  12  tanks  hold,  each  tank  7}  ft.  by  8  ft.  by  4}  ft.,  and 
what  quantity  must  be  allowed  per  day  to  serve  360  persons  for  54  days  P 

Contents  =  20250  gallons ;  allowance  per  day  for  each  person  i  gallon  1*33  gills. 

Ex.  3.    22  tanks,  each  4^  ft.  by  4  ft.  by  2}  ft.,  and  145  persons  for  8  days. 
Ant,    2*667  gals.,  or  2  gals.  2  qts.  i  pt.  1*34  gls. 

Ex.  4.    24  tanks,  each  3}  ft.  by  3}  ft.  by  9  ft.,  200  persons  for  36  days. 
Ant,    2*297  gals.,  or  2  gals,  i  qt.  o  pt.  1}  gls. 

Ex.  5.    8  tanks,  each  4^  ft.  by  4.^  ft.  by  6  ft.,  91  men  for  24  days. 
Am,    2*481  gals.,  or  2  gals,  i  qt.  i  pt  3iigls. 
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250.  GKyen  the  dimensions  of  an  oil  tank,  the  number  of  gallons  in  the 
tank,  to  find  how  far  from  the  top  the  oil  will  be  when  the  quantity  stated 
is  in  the  tank. 

NoTB. — I  gallon  =  *i6  cabio  feet,  or  i  cubic  foot  =  6}  gsdlons. 

Gallons  x  '16  v^i^vf  „f  ^:i 

length  x-^dth  =  ^®*«^*  °^  ^*^' 

. ' .  height  of  tank  —  height  of  oil  =  distance  of  oil  from  top  of  tank. 

Examples. 

Ex.  I.  An  oil  tank  is  3  feet  5  inches  deep,  4  feet  6  inches  long,  and  2  feet  6  inches  wide, 
and  has  95  gallons  of  oil  in  it,  how  far  down  from  the  top  of  the  tank  is  the  oil. 

Multiply  the  95  gallons  by  *  16  in  order  to  ascertain  the  number  of  cubic  feet  of  oil  in  the 
tank ;  or,  divide  the  gallons  by  6' 25. 

95  X  *i 6  =  15*20  cubic  feet  of  oil  in  tank, 
or,  95  -i.  6-25  =  1520  „  „ 

The  tank  is  4  feet  6  inches  by  2  feet  6  inches  base.  Reducing  inches  to  decimals  of  a  foot, 
4  feet  6  inches  =  4*5  feet,  and  2  feet  6  inches  =  2*5  feet,  then  4*5  feet  X  3*5  foot  :=  1 1*25 
square  feet  of  base. 

Next,  cubic  feet  of  oil  in  the  tank  divided  by  the  square  feet  in  base  gives  the  height  of 
the  oil  in  the  tank  in  feet. 

15*20  ^  11*25  =  1*351  f<^t,  or  I  foot  4*2  inches, 

and  the  height  of  oil  subtracted  from  the  height  of  tank,  the  remainder  is  the  distance  (in 
feet)  the  oil  is  from  the  top  of  the  tank. 

Height  of  tank  —  height  of  oil  =  3  feet  5  inches  —  i  foot  4*2  inches  =  2  feet  0*8  inches. 

ii*25)i5'2o(  1*351  feet 
I 125         12 

3950   4*212 

3375    '  f^-  4*»  in- 

MWO.  5750 

1250 


Distance  from  top  of  oil  to  top  of  tank  2      0*8 

Ex.  2.  An  oil  tank  4  feet  long,  2  feet  deep,  and  3  feet  wide :  75  gallons  of  oil  is  the  usual 
order  at  the  oommencement  of  the  voyage,  what  is  the  distance  of  the  top  of  the  oil  from 
the  top  of  the  tank  P 

4  feet  X  3  fe^t  =  12  square  feet. 

80  gallons  X  *i6  =  12*80  cubic  feet, 

or,  80  gallons  -^  6*25  =z  12*80  cubic  feet. 

Then  12*80  cubic  feet  ^  12  square  feet  =  1*066  feet,  the  height  of  the  oil  aboTe  the 
bottom  oi  the  tank. 

. ' .  Distance  of  top  of  oil  fr^m  the  top  of  tank  =  2  feet  o  inches  —  i  foot  0*8  inches 

=:  o  feet  11*2  inches. 

Ex.  3.  An  oil  tank  is  4  feet  6  inches  high,  and  3  feet  by  2  feet  base :  what  was  the 
oonsumption  per  day  in  gallons,  if  in  12  days  the  oil  in  the  tank  is  lowered  11  inches  in 
the  glass? 

Cubic  feet  of  oil  used  =  3  X  2  X  ii  =  S'S- 

Gallons  of  oil  used  =  5*5  X  6*25  =  34*375. 

. ' .  Consumption  per  day  =  34*375  -r  la  =  2*864  gallons,  Annoer, 


95  gallons. 
•16 

Length  4*5 
Width  2*5 

570 
95 

^25 
90 

15*20  gallons. 

11*25  square  feet  in 

Height  of  tAuk  3  ft.  5*0  in. 
„         oil  I       4*2 
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Ex.  4.    How  many  gallons  of  olive  oil  will  a  tank  hold  which  is  4  feet  by  3  feet  and  a 
feet  6  inohoB  deep,  and  what  would  be  the  weight  of  the  oil  P 

Specific  gravity  of  oil  0*908. 

Contents  =:4X3Xa'5  =  3o  cubic  feet. 

No.  of  gallons  =  30  X  6*25  =  187*5  gallons* 

Weight  of  I  cubic  foot  of  oil  =  '908  X  62*5  =  56*75. 

Total  weight  of  oil  =  56*75  X  30  =  1702*5  lbs. 

4  6*25 

3  30 

12  187*50  gallons. 

Contents  =  30*0  cubic  feet. 

S  56.. 

30  cubic  feet 


Speoifio  gravity  of  oil  *qo8  56*75 

02 'C 


4540  1702*50  lbs. 

1816 

5448 
Weight  of  I  cub.  ft.  of  oil  :=  56*7500 

Ex.  5.    A  circular  tank  is  6  feet  6  inches  diameter :   what  height  must  it  be  to  hold  360 
gallons  of  oil  P 

Content  =  360  -7-  6*25  =  57*6  cubic  feet. 

Area  of  base  =z  6*5*  x  7854  =  65  X  65  X  -7854  =  3318315  square  feet, 

.  * .  the  cubic  contents  of  circular  tank  =  height  X  {^'S^  X  7854), 

i.e,f  57*6  cubic  feet  =  height  X  33*18315  square  feet, 

. ' .  height  =  il^'f?  =  1*736  feet  =  i  foot  8*8  inches. 

Ex.  6.    What  must  be  the  depth  of  a  cylindrical  tank  to  hold  50000  gallons,' its  diameter 
being  24  feet  P 

I.    The  gallon  contains  *i6  cubic  inches, 

. ' .  50000  gallons  must  contain  *i6  X  50000  =:  8000  cubic  feet. 

n.    The  area  of  a  circle  =z  *7854  X  diameter". 

.  * .  the  area  of  the  base  of  the  cylindrical  tank  =  (*7854  X  ^4  X  24)  square  feet. 

III.    The  cubic  content  of  a  cylinder  =  height  X  base, 

. ' .  the  content  of  the  cylindrical  tank  ==  height  X  ('7854  X  24  X  24)9 

.  * .  8000  cubic  feet  =  height  X  ('7854  X  24  X  24)9 

.  • .  height  =  .yftg^  ^^  X  24  =  "*5fi8rr  =  17-683  feet  =  17  feet  8*12  inches. 


EXAMPTiKS   FOB  PbAOTICIB. 


Bfo. 

Depth. 

Length. 

Width. 

Quantity  of  oil 

z. 

3*75  ft. 

3  ft.  0  in. 

2    ft. 

45  gala- 

2. 

I  ft.  9  in. 

4  >»  6  „ 

2-5  „ 

90    »> 

3- 

a  n   0  »i 

4  ,.  0  „ 

3     » 

80    „ 

4- 

4*6  ft 

4*5 1» 

3'6„ 

120    „ 

5. 

45  ». 

4*5  » 

4*5  » 

'50    „ 

6. 

7-3  It 

4*5  » 

«»5  » 

100    „ 

An*. :  Distance  of  top  of  oil 
from  top  of  tank. 

2*58  ft.  or  2  ft.  7     in. 

0-47  »  o  »  S'6  » 

o'9H  »>  o  „  ir2„ 

3*415  fj  3  ».  S'o  n 

3*3 «5  »»  3  »»  3*8  » 

4'4j6  „  4  »»  S'S  V 
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ON  CONSUMPTION  OF  FUEL,  &c. 


251.  GKyen  the  quantity  of  coal  on  board  on  leaving  port,  and  the 
consmnption  in  a  given  number  of  days :  to  find  what  quantity  remains  on 
board. 

Example. 

Ex.  The  quantity  of  coal  on  board  on  leaving  port  is  350  tons,  the  coxiBiimption  in  17 
days  is  258  tons  1 1  cwt.  i  qr.  25  lbs. :  what  quantity  remaind  on  board  P 

Tons.     owt.     qn.     Ibe. 
Quantity  of  coal  on  board        350       000 
Consumption  258      xi        i      25 

Quantity  remaining  91        8        2        3 

252.  Given  the  daily  consumption  of  coal  and  the  speed  per  hour,  to  find 
what  the  consumption  would  be  in  a  voyage  of  a  given  number  of  knots. 

RULE  XCVill. 

i^.  MuUiply  the  tpeed  per  hour  hy  24 ;  the  result  is  the  number  of  knots 
the  ship  makes  per  day. 

2^.  Next,  ioy,  as  the  knots  sailed  per  day  is  to  the  knots  in  the  voyage^  so  ts  the 
eonsumption  per  day  to  the  consumption /or  the  voyage, 

Btamtt.to. 

Ex.  I.  If  the  consumption  of  coal  is  36  tons  per  day  to  produce  a  speed  of  10  knoti^ 
what  is  the  consumption  on  a  voyage  of  960  knots  P 

Speed  per  day  =  10  knots  X  24  r=  240  knots. 

Then  as  240  knots  :  960  knots  : :  36  tons  :  4; 

576 
288 


( 4,o)3456»o 
240  =  7       

(       6)8^4 


OrthuA— 


144  tons. 


4 

Sid  X  36  . 

^    =144  tons. 

1 


lit 
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Ex.  2.    If  the  conBumption  of  coal  is  ao  tons  per  day  to  produce  a  speed  of  12  knots, 
what  would  the  consumption  be  in  a  voyage  of  1 200  knots  P 


Speed  per  day  ==  12  knots  X  24  =  288. 


Then  as  288  knots  :  1200  knots  : :  20  tons  :  x 

20 


288)24000(83  tons  6  cwt.  2  qiB.  18}  lbs. 
2304 


960 
864 

20 

288)1920(6  cwt. 
1728 

192 

4 

288)768(2  qrs. 
576 

192 
28 

1536 
384 

288)5376(18}  lbs. 
288 

2496 
2304 


m^^=i 


a5 
XBlQ    10 

,=  X^^Q=^atons 

3 

=  83  tons  6  cwt.  2  qrs.  18}  lbs. 


or  thus  :— 
12)288  :  1200  : :  20 
4)  24   100   10 
2)  6    25 
3     10 

3)»50 


83  6  2  18} 


'RTA\n>T,Tiw   FOB  PeAOTICIB. 


Goals  per  day. 
tons. 

Speed. 

Voyage. 

1^0. 

knots. 

knots. 

I. 

16 

12 

2880 

2. 

10 

lOi 

4350 

3- 

12 

9 

1380 

4. 

14 

Hi 

1850 

5- 

12J 

9 

3590 

No. 
6. 

7. 
8. 

9- 
10. 


Goals  per  day.  Speed, 
tons.         knots. 


8 
21 

■8-5 

24*6 
365 


13 
10*4 

18-4 


Voyage, 
knots. 

1800 

1260 

4320 

4560 

7560 


k 


253.  Consxunption  of  Coal  and  Speed  of  VesseL— The  consumptioii  of  coal 
yaries  as  the  distance  multiplied  into  the  square  of  the  speed,  or  as  the  cube 
of  the  speed  itself. 

EZAHFLBS. 

Ex.  I.    Suppose  a  ship  uses  200  tons  of  coal  in  a  voyage  of  500  miles,  and  steams  at  zo 
knots  an  hour :  what  quantity  would  take  her  1000  miles  at  6  knots  an  hour  ? 


(500  X  10*)    :     (1000  X  6») 


200  tons 


1000  X  6*  X  200  36^^  X  20^  -no  X  XI-  -^-^ 

X  = v.-^fl —  =     ^  ?  -  -  =  H^  =  144  tons,  the  oonBumption. 

500  X  io»  sWii^  ^^ 
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500  X  10'         1000  X  6'  30^    :    X 

100  36 

ao 
5)7ao 

CoDBumption  144  tons. 

£z.  3.  Daring  a  voyage  of  laoo  miles,  performed  at  an  average  ipeed  of  10  knoti,  the 
total  oonsumption  of  fael  is  150  torn :  it  is  required  to  know  the  consomption  for  a  voyage 
of  3400  miles  at  a  reduced  speed  of  8  knots, 

(1200X10')    :     (3400X8'}    ::     150  tons    :    » 

3        33         3 

»  =  — idoTi^ Xprx"W~  -  '9*  ^"^  ^  oonsumption. 

Ex.  3.    If  the  consumption  of  coal  per  day  be  16  tons  to  produce  a  speed  of  9  knots  per 

hour,  how  many  knots  should  she  steam  when  the  oonsumption  is  13  tons  P 

Toni.     Tons.       Knots. 
16    :    13    ::    9'    :    the  cube  of  the  required  speed. 


or,  4     :     3     : :    7*9 

3  »4i 


353 
341 


546*75^S*i  knots. 
5" 


34750 
^5441 


4)3187 

a544i 

546*75  

Ex.  4.    Steaming  at  1 1  knots  an  hour  4  tons  of  ooal  are  used :  find  the  oonsumption  when 

steaming  9  knots. 

II*    :    9*    ::    4 tons    :    9 

9iX4        2JL9X.9X4         ||i.  ^^ 

Ex.  5.    The  average  rate  of  speed  of  a  ship  last  voyage  was  7  knots  per  hour,  with  a 

consumption  of  1 1  tons  per  day ;  this  voyage  (her  boilers  having  been  renewed),  she  makes 

8^  knots  per  hour :  what  is  the  present  consumption  P 

Toot. 
7*    :     8'5*    ::    II     :    « 

8M^8:5_x_8i5_>^       6755375  _     5      ^ 

An9W$rf  197  tons. 

Ex.  6.    If  a  ship  of  350 1.H.P.  steams  8  knots  an  hour,  what  should  be  the  Lfl^P.  of  a 
new  engine  so  that  she  may  steam  10  knots. 

8*    :    lo*    ::    350 

loS  X  350  10  X  IP  X  10  X  350 |fo-.<  T  TTP 

Or,   8*  _j_   10*   :  350 

513  :  1000  ::  350 

1000 


307» 

4380 
4096 

1840 
1536 

3040 
3071 
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Examples  fob  Pbaotiob. 

1 .  If  195  tons  of  ooal  suffioe  for  a  voyage  of  1 700  miles  at  the  rate  of  9  knots :  how  many 

tons  will  he  required  for  a  voyage  of  2200  miles  at  a  redaced  speed  of  8  knots  P 

2.  Suppose  a  ship  oses  160  tons  of  coal  in  a  voyage  of  2250  miles  at  the  rate  of  8  knots : 

what  quantity  will  take  her  3150  miles  at  a  reduced  speed  of  6  knots  P 

3.  If  100  tons  of  ooal  suffice  for  a  voyage  of  1000  miles  at  the  rate  of  10  knots:  it  is 

required  to  know  the  consumption  for  a  voyage  of  2400  miles  at  a  reduced  speed 
of  9  knots. 

4.  A  ship  made  a  voyage  of  1900  miles  at  10  knots  per  hour,  with  a  total  consumption 

of  100  tons  of  coal :  what  should  he  her  consumption  for  a  voyage  of  2320  miles  at 
a  speed  of  9  knots  per  hour  P 

254.  Given  the  consumption  of  coal  per  day  and  the  average  indicated 
horse-power :  to  find  the  consumption  per  hour  per  indicated  horse-power. 

EULE  XCIX. 

i^.  Multiply  the  tons  of  coal  consumed  per  day  by  2240  ^the  number  of 
pounds  in  a  tonj,  and  divide  the  product  ^  24 :  ths  quotient  thus  found  is  the 
number  of  pounds  of  coal  consumed  per  hour. 

2°.  Divide  this  last  quantity  hy  the  indicated  horse-power  (I.H.P.) :  the  reeuU 
is  the  consumption  per  hour  per  indicated  horse-power  (I.H.P.) 

Examples. 

Ex.  I.    The  consumption  of  ooal  is  81  tons  per  day,  the  average  horse-power  indicated  is 
2760 :  what  is  the  rate  of  consumption  per  indicated  horse-power  P 

81  X  2240  ^  24  =  7560  Ihs.  of  coal  per  hour. 
75^0  ^  *7^o  ^  *'74  ll>8.  of  coal  per  hour  per  I.H.P. 

2240  Ihs. 

81    tons.  276o)756o(2*74  Ihs.  nearly,  per  I.BLP. 

5520 

224  

1792  20400 

—  19320 

(4)  1 8 1440  Ihs.  — 
1080 
6)  45360 

7560  lbs.  of  ooal  per  hour, 

. ' .  AmweTf  2*74  lbs.  nearly  per  I.H.P. 

Ex.  2.    The  consumption  of  coal  is  37^  tons  per  day,  the  average  horse-power  indicated 
is  960 :  what  is  the  rate  of  consumption  per  indicated  horse-power  P 

37^  X  2240  ^  24  =  3500  lbs.  of  coal  per  hour. 
3500  -7-  9^  =  3*64 11>0*  of  ooal  per  I.H.P. 

2)2240  lbs.  =:  I  ton.  9^0)350,0(3*64  lbs.  per  I.H.P. 

37^  tons.  288 

15680  620 

6720  576 

II20*  


440 


(4)84000  lbs.  384 

6)21000  56 

~~"^"  ,.        -       ,         ,  •  This  lino  ia  got  by  dividing  2210  by  2, 

3500  lbs.  of  coal  per  hour.  which  is  in  fact  multiplied  by  |. 
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Examples  fob  Pbaotige. 

In  each  of  the  following  examples  the  I.H.P.  and  consumption  per  day  are    - 
given,  to  find  the  consumption  per  I.H.P. 


No. 

I.H.P. 

Con.  per  day. 

No. 

I.H.P. 

Con. 

per  day. 

I. 

436 

12  tons. 

7. 

720 

19^  tons. 

2. 

340 

8    „ 

8. 

450 

12 

„    i5cwt 

3- 

1750 

50    1. 

9' 

650 

29 

If    10   »» 

4- 

3000 

^5    »» 

10. 

1480 

33 

it 

5- 

4550 

9^    i> 

II. 

540 

^5 

i» 

6. 

840 

aii  » 

la. 
EXAMPT.IR. 

1510 

37 

}* 

Ex.  I.    If  the  total  consiimption  of  coal  be  35  tons  per  day,  how  many  basketsfol,  each 
weighing  63  poonds,  will  be  burnt  in  a  watch  of  4  hoon  F 


Goals  consumed  per  day  35  tons. 


2240  lbs.  ^  I  ton. 
35  toJM' 

1 1200 

6720 


Or  thus:— 

2240  lbs.  =  I  ton. 

35 


(7)78400  lbs.  per  day. 
9)11200 
1244*4  baskets  per  day. 


11200 

6720 


24»»  =  I  day  |  4^  |  i**  |  78400 


63 


As  the  watch  is  4  hours,  there  will  be  6 
watches  in  the  day,  then : 

6)1244-4 


7)13066*66  lbs.  per  watch. 
9)1866*66 

207*4  basketsful. 


207*4  basketsful  per  watch. 

Ex.  2.    If  the  total  consumption  of  coal  be  14  tons  per  day,  how  many  basketsful,  each 
weighing  58  lbs.,  will  be  burnt  in  a  watch  of  4  hours  P 

Ck>al8  consumed  per  day  14  tons. 

2240  lbs. 
14  tons. 

8960 
2240 


2240  lbs. 
14  toni 

1. 

[  ton. 

8960 
2240 

31360  lbs. 

per 

day. 

58)31360(540-7 
290 

baskets  per 

day. 

236 
a3» 

400 
406 

6)540 
90 

•70 
•II  l 

4**  I  i**  I  31360  lbs.  per  day. 

5226*66  lbs.  per  watch. 

58)5226*66(90*11  basketsful. 
5»a 

66 
58_ 

86 
58 


28 
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EXAICPLES 

FOB  PbAOTIOB. 

No. 

Oonsumption  of  coal  per  day 
in  tons. 

Weight  of  basketful 
of  ooal. 

Length  of  Watch. 

I. 

16  tons  0  cwt. 

61  lbs. 

4  hoars. 

2. 

8    >»    0   „ 

66    „ 

6    „ 

3. 

H    »    0    w 

64    II 

4    II 

4- 

10    II    0    II 

65    II 

4    II 

5. 

17    II    0    II 

60    „ 

4    II 

6. 

"    11    0    II 

64    11 

4    II 

255.    Given  the  basketsful  of  coal  oonsnmed  per  day,  and  the  weight  of 
each  basketftil,  to  find  what  the  consumption  is  in  tons. 

Oonsmnption  per  day  (in  tons)  =  ??i-«ll**?*5?^J?L«^|^^^^ 

Examples. 

Ex.  I.    The  eonsmnption  of  coals  dnring  the  day  is  120, 135,  148,  130, 126,  127  baskets- 
fill,  each  basket  weighing  68  lbs. :  what  is  the  consumption  in  tons  ? 

120  No.  of  basketsful    786 

135  Weight  per  basket  68  lbs. 

14^  

130  6288 

126  4716 

127  — - 
Total  oonsumption  =:  53448  lbs. 

786  basketsful. 


2240)53448(23*86  tons. 
4480  20 

8648    17*20 
6720 

19280 
17920 


13600 


Ana, :  23  tons  17  cwt. 


Ex.  2.    The  tally  of  baskets  of  coals  for  24  hours  is  220,  225,  242,  255,  254,  and  244 
basketsful,  each  basket  weighing  62  lbs. :  what  is  the  consumption  in  tons  per  day  ? 

220  -f-  225  -|-  242  -f-  255  -f-  254  -f-  244  =:  1440  basketsful. 
^^°J^ —  =  39**^  ^^"^  nearly,  or  39  tons  17  cwt. 

EZAHPLBS   FOB  FBAOnCB. 


No. 

ist  watch. 

tnd  watch. 

Tally  of  Baskets. 
3rd  watcn.       4th  watch. 

5th  watch. 

6th  watch. 

Weiffht. 
in  Iba. 

I. 

240 

263 

^54 

^32 

^58 

240 

68 

2. 

260 

»58 

261 

^58 

240 

249 

72* 

3- 

210 

a»5 

220 

ai7 

214 

225 

48 

4. 

a»5 

230 

246 

»58 

260 

252 

63 

5- 

230 

*a5 

229 

227 

*35 

232 

64 

6. 

223 

232 

246 

*a5 

230 

250 

«7 
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Example. 

Ex.  Fill  up  the  tabular  form  given  below  from  the  following  statement,  and  say 
whether  you  consider  the  quantity  of  coal  remaining  to  be  sufficient  for  the  rest  of  the 
passage.  The  S.S.  '*  Candidate  "  left  port  on  the  5th  day  of  last  month,  for  a  destination 
3000  miles  distant,  with  a  stock  of  coal  on  board  amounting  to  160  tons :  the  distances  run 
on  the  successive  days  are  192,  200,  212,  184,  190,  194,  210,  214,  189,  and  213  miles.  The 
coal  burnt  each  day  was  7^,  8,  7,  8},  9,  7^,  8,  10,  7  J,  and  8  tons. 

The  following  is  the  tabulated  form. 


DAILY  REPOKT. 

I 

1                            STOCK  OF  FUKU 

Distance  acoompliahed  and  coal  conBumed. 

Date. 

Miles  run. 

Miles  per  ton. 

Coal 
consumed. 

Tone 
remoini 

1 
ng. 

\ 

Miles  to  nm. 

Miles  per  ton. 

5 

192 

256 

74 

1 

2808 

18413 

6 

200 

25-0 

8 

M4i 

2608 

18*048 

7 

212 

30-3 

h 

137} 

2396 

17-4*5 

8 

184 

21-65 

^ 

129 

2212 

17-147 

9 

190 

21*11 

9 

I         120 

2022 

16850 

10 

194                   26-76 

7i 

112; 

■ 

1828 

16*213 

II 

210 

2625 

8 

104 

• 

1618 

15-446 

12 

214 

21*4 

10 

941 

' 

1404 

14*818 

13 

189 

25*^ 

7i 

1          ^7 

k 

1215 

13-9*5 

H 

213 

2662 

8 

79] 

k 

I  oca 

12643 

1998 

8of 

3000 

160 

1002 

79i 

ist  column. — Place  one  under  another  the  dates  of  the  ten  day's  run,  beginning  with 
the  5th. 

2nd  column. — Place  each  day's  run  opposite  its  date. 

4th  column. — Place  each  day's  consumption  opposite  its  date. 

3rd  column.— Divide  the  *'  miles  run  "  by  the  coals  consumed ;  thus : — 

7 '5)  192*0(25-6  8)200                  7)212                       8*5)  1 84*0(2 1 '65 

150  —                     —                             170 

25  303  

420  140 

375  85 


450 
450 

5»o 
400 

)i90 

7*25)i94*oo(26'76 
1450 

8)210 

10)214 

21*1 

26*25 

21*-^ 

4900 
4350 

550° 
5075 

4*50 
4350 

VF 


2l9 
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8)213 


26*6a 


7-5)i89-oo(a5-2 
150 

390 

375 

150 

5th  oolumn. — From  the  itock  of  coal  at  starting  sabtract  the  ist  day's  coxummptioiiy  and 
from  the  remainder  subtract  the  2nd  day's  consumption. 

6th  column. — From  the  whole  distance  at  starting  subtract  the  ist  day's  run,  and  from 
the  remainder  subtract  the  2nd  day's  run,  and  so  on. 


5th  Column. 
Stock  of  coal  =:  160  tons, 
ist  day's  con.         7^ 


Coals  rem. 
2nd  day's  eon. 


i5»i 
8 

»44j 
7 

129 
9 

120 

_7i 

112} 

8 

104} 

TO 

87t 
8 

79} 


6tih  Oolumn. 
Whole  voyage  3000 
ist  day's  run       192 

Miles  to  run     a8o8 
and  day's  run     aoo 

a6o8 
ai2 

a396 
184 

22ia 
190 

aoaa 
194 

1828 
210 

1618 
214 

1404 
189 

1215 
213 

1002 


Before  finding  the  numbers  for  the  7th  column,  prove  that  the  subtractions  are  right. 
Add  up  the  2nd  and  4th  columns ;  they  come  to  1998  miles,  and  80}  tons.    Then, 


Whole  voyage  3000  miles. 

Dist.  run  in  10  days  1998     „ 

Distance  still  to  go     1002 


Goals  on  board  160  tons. 
Coals  burnt         80}  „ 

Coals  remaining  79^ 


These  remainders  should  agree  with  the  last  numbers  in  columns  6  and  5.    If  they  do 
not  agree  it  will  be  necessary  to  go  over  the  subtractions  until  the  error  is  found. 

To  find  oolumn  7. — Divide  "miles  to  run"  in  column  6  by  '*tons  remaining"  in  oolumn 
5,  gives  "  miles  per  ton  "  in  column  7. 

Lastly,  to  find  if  there  be  a  sufficiency  for  voyage,  make  the  proportion : — 

Miles.  Miles.  Tons.  Tons. 

As  1998  gone    :     looa  to  go    : :    80*75  humt    :    40*496  still  to  burn. 
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Then  1998  miles         1002  miles  So'75  tons        40*496  tons. 

1002 


16150 
807500 


79-25  1998)8091150(40-496 
40-496  7992 

38-754  tons  9915 

left  at  the  nmsh  of  voyage.  7992 


19230 
17982 


No.  Date. 

1.  l8th 

2.  aist 

3.  loth 

4.  12th 

5.  26th 

6.  25th 


12480 
11988 

FiXAMPLIW    FOB    PrAOTTOH. 

Length 
of  voyage. 

miles. 

Ck>alon 

board. 

tons. 

Distance  run  on  the 
suoccsiive  days. 

The  coal  burnt 
each  day. 

4000 

140 

240,  242,  239,  238, 
245,  246,  240,  243, 
239,  and  242  miles. 

^t  9»  9if  »o. 

9.  9i.  9i  9. 
8|,  and  9  tons. 

3550 

148 

284,  ^75.  »8^  »79» 
280,  281,  287,  300, 

289,  and  295  miles. 

10,  II,  la,  10, 
13,  12,  iij^ii, 
12,  and  13  tons. 

SS<>o 

400 

165,  180,  200,  aoo, 

9,  8J,  7,  10, 

190,  190,  200,  200^ 
175,  and  195  miles. 

8»  9»  7»  «•  «i 
and  9  tons. 

7000 

480 

216,217,214,219, 

14, 15,  16, 13, 

220,  212,  200,  208, 
206,  and  221  miles. 

14,  16,  14,  15, 
12^,  and  15  tons. 

2400 

210 

190,  198,  199,  200, 
201,  190,  189,  194, 
200,  and  201  miles. 

18,  17,  18,  16J, 

17.  '8i.  i7»  '7*1 
i7(,and  18  tons. 

8400 

450 

192,  196,  199,  189, 
196,  200,  206,  207, 
190,  and  188  miles. 

7i»  8,  8J.'  7}. 

8»  H>  9i»  9» 

10,  and  loj  tons. 

ure  of  'loo 

0  knots  we  have  a  stock  of  4.20  tons  of  coal :  after  steandnsr 

1440  knots  and  oonsaming  192  tons :  And  how  much  coal  she  will  have  at  the  end  of  the 
voyage,  steaming  at  the  same  rate. 

Since  the  ship  has  steamed  1440  knots  and  consumed  192  tons,  then  by  proportion  we 
find  how  many  tons  will  be  consumed  in  going  3000  knots  at  the  same  rate. 

144,0  knots    :    300,0  knots    : :     192  tons    :    x 
192 

25         16 


144 


"^^J^  Or.,=  ?5!«Xi^=^t<,n.. 


11)  4800 


400  tons. 

The  stock  at  starting  420  tons. 

Burnt  during  the  voyage  400    „ 

Quantity  left  at  end  of  voyage         ao    „ 
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ExAMPTiEfl   FOB   FBAGfTIOE. 

Length  of  Coal  on  Distance  Coals  Ana. :  Quantity  ovtr  or 

No.  Voyage.  Board.  Steamed.  Consumed,  Deficient. 

'•  3450  325  1500                 90  tons.  18  tonB  over. 

2.  2500  500  1600  320    „  none  left. 

3.  1730  165  1200                  80    „  17  tons  short. 
4«  1750  120  500                  32    „                      8    „    left. 

Ex.  If  ISO  tons  of  Welsh  coal  fill  the  bankers  and  is  sufficient  for  a  voyage  of  2700  miles, 
and  Newcastle  coal  is  for  space  in  the  proportion  of  45  :  40  and  for  quality  as  7*73  :  9*06: 
what  distance  will  the  bunkers  carry  her  if  filled  up  with  Newcastle  coal  F 

Since  Newcastle  coal  occupies  a  greater  space  per  ton  than  Welsh  coal  (in  the  ratio 
45  :  40},  therefore  a  less  number  of  tons  can  be  put  into  the  bunkers,  and  consequently  the 
ship  will  be  driven  a  less  number  of  miles,  upon  the  supposition  that  the  coals  are  equally 
good. 

But  Newcastle  coal  is  of  an  inferior  quality  (in  the  ratio  of  7*73  :  9*06),  therefore  the  ship 
will  be  driven  a  lees  number  of  miles  (see  Rule  LYII,  page  153) ;  hence, 

45         40    : :     2700 
9-06    :  7*73 

-Vx-TtT^'  =  -W  =  .400  miles. 

Ex.  Two  qualitiefl  of  coal  have  been  tried  on  different  voyages:  what  should  the 
second-class  quality  cost  to  be  equally  economically  with  the  first-class,  considering  only 
their  efficiency  P 

Oost  of  first  quality  i8s.  6d.  per  ton,  and  consumption  per  day  17  tons  of  first  quality  and 
19  tons  per  day  of  the  second  quality. 

Tons.  Tone.  8.     d. 

19        :        17        : :        186        :        x 

Ana.  £0  1 6s.  6 '63d. 

Ex.  A  coal  bunker  is  21  ft.  4  in.  wide  and  14  ft.  11  in.  high ;  after  steaming  12  days  it 
is  found  that  a  section  16  ft.  long  has  been  burnt :  what  has  been  the  daily  consumption  P 

21  ft.  4  in.  =  11*333  ^-  J  '4  ^*'  n  in.  =:  14*9167 

21-333  X  14*9167  X  x6  ^  5091-48736  ^  g    ^^3  ^^ 

45  X  12  540  y  -r     I  f 

Ex.    If  *o7  cubic  feet  of  feed  water  is  required  per  N.H.P.  per  minute,  what  quantity  of 

ooal  is  required  per  N.H.P.  per  hour,  if  i  lb.  of  coal  will  evaporate  7*8  lbs.  of  water  per 

hourP 

•07  X  62*5  =  4*375  lbs.  weight  of  water  required  per  N.H.P. 

•  *  •  4*375  X  60  minutes  -7-  78  =  33*65  lbs.  of  coal  per  hour. 

And,  if  the  consumption  is  12  lbs.  of  coal  per  N.H.P.  per  hour,  what  will  be  the  weight 

of  water  used  as  steam  per  minute  P 

'^  ^^    =  1*76  lbs.  of  water  per  minute. 

Ex.  At  noon  on  Monday  a  ship  sailed  from  a  port,  and  went  228,  236,  240,  250,  and  230 
miles  per  day ;  supposing  the  voyage  to  be  2640  miles :  what  time  and  date  will  the  ship 
arrive  at  her  port  of  destination,  and  what  coals  will  she  bum,  supposing  13  owt.  per  hour 
to  be  consumed  P 

Distance  steamed  =  228  -(-  236  -f-  240  -f-  250  -|-  231  :=  1186  miles. 

Distance  to  steam  =  2640  —  1 1 86  :=  1464  miles. 

Distance  steamed  (on  an  average)  per  day  =  1186  -i-  5  r=  237*2  miles. 

Time  to  finish  the  voyage  1464  -f-  2372  =  6172'*,  or  6^  4^  T^^, 

Coals  consumed  per  day  =  13  cwt.  X  24^'  =15  tons  12  cwt. 

Coals  to  finish  voyage  =  15*6  tons  X  6-172  =  96*2832  tons,  or  96  tons  5*66  cwt. 

Date  of  arrival  will  be  Sunday,  6*^  4"  p.if , 
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QUESTIONS  RELATING  TO   BOILERS,  &c. 


256.  Oiven  the  number  of  feet  the  bottom  of  a  boiler  is  below  the  water- 
line  :  to  find  what  pressure  of  steam  is  requisite  to  blow  off  the  brine  through 

the  blow-off  cock. 

EULE  0. 

Divide  the  number  of  feet  and  deeimaU  of  afaot^  if  any,  which  the  bottom  of  the 
bailer  ie  below  the  water-line  by  2*305  ;*  the  quotient  is  the  required  pressure, 
expressed  in  pounds. 

EXAMPLB. 

Ex.  What  pressure  of  steam  in  a  boiler  will  be  requisite  to  blow  off  the  brine  through 
the  blow-off  cook,  the  bottom  of  the  boiler  being  18  feet  6  inches  below  the  water-line  of 
the  ship,  allowing  a  column  of  water  2*305  feet  to  equal  i  lb.  F 

6  in.  =  '5    A)^  18  ft.  6  in.  =  18*5  ft.  1*305  ft.  =z  i  lb. 


•5 


2*305)  1 8-500(8*026  lbs.  pressure. 
18440 

6000 
4610 


13900 
13830 


EXAICPLBS   FOB  PbAOTIOB. 

1.  18  feet  6  inches.  \  Height  of  a  column  4-        '6  feet   5  inches.  J  Height  of  a  ooliimn 

2.  12    I,    6       „       \     ofVater  always  5.         13    „    II       ,,       \     orwater  always 

3.  15    „    4       „       )  the  same,  ▼«.,  2305  5.         15    ^^      g       ^^       )  the  same,  Tix.,a-3o5 

257.  GKven  the  diameter  of  the  tubes,  their  length  and  number,  also  the 
dimensions  of  the  plates,  to  find  the  amount  of  heating  surface. 

EXILE   CI. 

1^  Find  the  eireumferenee  of  tubes  (see  Bule  LXXIV,  page  183),  which 
multiply  by  their  length  in  inches ^  and  the  product  again  by  the  number  of  tubes; 
the  result  is  the  heating  surface  of  the  tubes. 

2°.  Find  the  area  of  the  plate  in  square  inches,  by  multiplying  the  length  by  the 
breadth,  (both  in  inches). 


*  The  position  of  the  water  level  in  the  boiler  often  differs  from  that  outside  the  ship ; 
this  would  affect  considerably  the  process  of  blowing  out  if  the  boiler  be  placed  low  in  the 
ship ;  hence,  calculations  of  the  following  nature  are  at  times  requisite.  It  has  been  noticed 
that  atmospheric  pressure  at  14*75  lbs.  of  mercury,  gustains  a  column  of  water,  in  a  y«rtical 
tube,  to  the  height  of  about  34  feet.    We  have  then  this  analogy : — 

.        .     ij.    ••    ( any  given  pressure )     .     (its  corresponding  > 
*4  75    •     34    ••    y        of  mercury        /     *     (  vertical  column  / 

whence  it  appears  that  2*305  feet  of  water  is  balanced  by  i  lb. 
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3^.  Find  the  area  of  the  mouth  of  one  tube,  and  multiply  it  hy  the  number  of 
tubes, 

NoTB. — There  are  two  plates,  but  they  are  not  entire,  the  openings  of  the  tabes  (found  by 
No.  3^)  must  be  deducted. 

4^  Deduct  the  area  of  the  tube  mouths  (No.  3°)  from  the  area  of  the  plate 
(No.  2^) ;  the  remainder  is  the  heating  sxirface  of  one  plate,  this  multiplied  hy 
2  is  the  heating  surface  of  both  plates. 

5°.  Add  together  the  heating  surface  of  the  two  plates  (No  4*^)  and  the  heating 
surface  of  the  tubes  (No.  i"") ;  the  sum  divided  by  144  is  the  heating  BurfaoOi 
in  square  feet,  of  the  tube  and  tube-plates  as  required. 

EXAMFLB. 

Ex.  Bequired  the  heating  surfetce  in  the  tubes  and  tube-plates  of  a  boiler,  the  tubes 
being  2^  inches  in  diameter,  8  feet  3  inches  in  length,  and  46a  in  number,  and  the  plates  19 
feet  8  inches  long,  by  8  feet  7  inches  wide. 

Heating  surfeuie  of  tubes  =  2*5  inch  X  3*1416  X  99  inch  X  462. 

3-1416 

2*5  inches  diameter. 

157080 
62832 


7*854,00  oixoumferenoe. 
8  ft.  3  in.  =     99      length  of  tubes  (8  feet  3  inches) 
12  


99 


70686 
70686 

777*546  heating  sur£BM)e  of  i  tube. 
462  number  of  tubes. 


1555092 
4665276 

3110184 


359226*252  heating  surface  in  tubes. 


To  find  the  area  of  plate. 

Length  19  ft.  8  in.  =  236 
Width     8  ft.  7  in.  =  103 

236 
103 

708 
2360 


Area  of  plate    24308 
Area  of  tube  mouths    2267*8225 

Heating  surface  i  plate  22040*1575 

2 


To  find  the  area  of  tube  mtmthe. 


a'5 

"5 
50 

6*25 


7854 
=    6*25 

39270 
15708 
47124 


4-90875,0 
462 


Heating  surface  2  plates  44080*3150 


981750 

2945250 
1963500 

Area  of  tube  mouths  2267*8425,0 
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Heating  surface  in 
Heating  sorfAce  in 

tubes     359326*253 
plates      44080*315 

I  12)403306*567  square  inches. 

144  { 

(    13)33608-880 

3800*740  square  feet. 

Examples 

FOB  PBAOnOB. 

No. 

Tubes. 

Length. 

Plates. 
No.                    Lengfth. 

Width. 

I. 

i^in. 

6  ft.  4  in. 

130                 6  ft.  5  in. 

5  ft  9  in. 

3. 

3i 

7       3 

183               10       3 

7       6 

3- 

2 

6       6 

145                ^      9 

5       0 

4* 

3i 

7       2 

136                6      4 

4     10 

5- 

»* 

6      9 

148                7       0 

<   4 

6. 

3 

6       0 

341               12       0 

7    3 

258.  Given  the  length  and  width  of  boiler,  the  pressure  of  steam  in  the 
boiler,  and  the  height  of  the  water  in  the  boiler,  to  find  the  total  pressure  on 
the  bottom  of  the  boiler.  It  is  also  required  to  find  the  number  of  stays  of 
given  diameter. 

ETJLE  on. 

i^    Divide  the  height  of  the  water  in  the  boiler  hy  2*305  feet  (See  Bule 
0  and  Note);    the  result  is  the  pressure  of  water  per  square  inch  in 
^the  boiler. 

2^.  To  the  pressure  of  water  (No.  1°)  add  the  presswre  of  steam  ;  this  gives 
the  total  pressure  per  square  inch  on  the  boiler. 

3^.  Multiply  the  length  of  the  bottom  of  the  boiler  by  its  breadth  fboth  in 
inches  J,  and  thus  obtain  the  area  of  the  bottom  of  the  boiler. 

4^.  Multiply  the  area  by  the  total  pressure  per  square  ineh ;  the  product  is 
the  total  pressure  on  the  bottom  of  the  boiler. 

5^  Multiply  the  square  of  the  diameter  of  the  stays  by  '7854 ;  the  result  is 
the  sectional  area  (see  Bule  LXXYI,  page  184). 

6^.  Multiply  this  last  result  (No.  5^)  by  the  strain  that  each  squire  ineh  of 
section  shall  bear ;  the  product  is  the  strain  each  stay  bears. 

7°.  Divide  the  total  pressure  (No.  4^)  by  the  strain  each  stay  bears  (No.  6^) ; 
the  quotient  is  the  number  of  stays  required. 

Example. 

£z.  What  is  the  total  pressure  on  the  flat  bottom  of  a  boiler  10  feet  6  inches  long, 
4  feet  3  inches  wide,  the  pressure  of  steam  in  the  boiler  being  35  lbs.  per  square  inch,  and 
the  height  of  the  water  in  the  boiler  3  feet  9  inches  P  Also,  the  number  of  stays  2  inches  in 
diameter  required,  so  that  each  square  inch  of  section  of  the  stays  shall  bear  4500  lbs.  f 
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(i)  Height  of  water  3  feet  9  inches  =  3*75  feet. 

^'i^  =  1*63  nearly,  pressare  of  water  per  square  inch. 

**305)3*75o(i*63  nearly. 
2 '305 

14450 
13830 


6200 

(a)  Fk^asnre  of  water  per  square  inch  =    1*63  lbs. 

„  steam  „  =  35      lbs. 

Total  pressure  per  square  inch      =  36*63  lbs. 
(3)  Area  =  length  X  breadth  in  inches. 

Length  10  feet  6  inches  =126  inches,  breadth  4  feet  3  inches  =  51  inches. 

Area  :=  126  X  51  =  6424  square  inches. 

126  6426  square  inches. 

51  36*63  total  pressure. 

126  19278 

630  38556 

38556 

Area  =  6426  square  inches.  19278 

Total  pressure  on  bottom  of  boiler  =  235384*38  lbs. 

Each  stay  bears  2*  X  '7854  X  4500  lbs.         No.  of  stays  =  ^Jiflf.t*  =  '7  nearly. 

-7854  i4i37-2)235384*38(»^'^ 

2*  =        4  14137* 

3*1416  sectional  area.  940123 

4500  848232 


157080  918918 

125664  848232 

14137*2,000  lbs.  strain  each  stay  bears. 

The  number  of  stays  must  evidently  be  17,  since  16  stays  will  not  completely  stay  the 
boiler. 

Examples  for  Pbaoticie. 


No. 

Length. 

Width. 

Preasare. 

Depth  vater. 

Stay. 

lbs. 

9  ft 

.  6  in. 

7 

ft.  6  in. 

20  lbs. 

6ft 

.oin. 

i^  in. 

1 1200 

12 

0 

7 

0 

20 

4 

0 

ij 

6000 

17 

6 

II 

3 

3* 

3 

8 

»i 

4500 

19 

7 

7 

8 

18 

6 

3 

2 

5500 

23 

2 

18 

9 

30 

9 

5 

l\ 

5400 

H 

7 

^3 

3 

26 

8 

3 

1-7 

6000 

Ex.    A  boiler  measures  10}  feet  long,  and  15^  feet  broad,  rectangular;   the  water  is 

9  feet  high,  and  one-third  of  that  space  is  furnaces  and  tubes,  the  rest  is  water.  The 
furnaces  consume  10  cwt.  of  coal  per  hour,  and  each  pound  of  coal  is  equal  to  heating 
12000  pounds  of  water  one  degree  Fahrenheit.    The  difference  between  the  temperature  of 

10  pounds  steam  and  that  of  25  pounds  steam  is  28  degrees :  in  what  time  will  the  pressure 
rise  from  the  former  to  the  latter  pressure,  if  all  the  valves  are  shut  and  the  fires  in  action  P 
(In  the  calculation,  neglect  the  heat  absorbed  by  the  steam,  and  suppose  the  circulation  of 
the  water  to  be  perfect.  It  should,  however,  be  remembered  that  practically,  the  circulation 
is  always  imperfect,  and  especially  so  under  the  above  circumstances ;  the  pressure  will, 
therefore,  in  practice,  increase  more  rapidly  than  will  be  shown  by  the  answer.) 


Qitestums  relating  to  BoiUrt^  ^e.  22$ 

Water  space  =  10*5  feet  X  15*5  feet  X  9  feet  :=  1464*75  cabic  feet. 
Deduct  \  for  famaces  and  tabes  =  1464*75  ^  3  ^  488*35. 
. ' .  actual  water  space  =  1464*75  —  488*35  ^  976*50. 
Taking  the  weight  of  cubic  foot  of  fresh  water  at  63*5  lbs.,  then  the 

Weight  of  water  in  boilers  ==  976*50  X  63*5  =  6i03i'35  lbs. 
Goal  required  to  heat  it  i**  =  61031*35  -^  13000  =  5*086 
„  „       a8°  =:  5*086  X  38  =  143-408  lbs. 

lbs.  of  coal  consumed  per  hour  10  X  113  =:  11 30  lbs. 
Then,  as  1130  :  143*408  : :  60°^  (:=  i^)  :  x 

X  =  7*63"*  nearly,  or  7°*  37* 8". 

Or,  thus —  Weight  of  water  in  the  boiler  =  61031*35  lbs. 

Coal  consumed  per  hour  =  10  X  112  =  ii30  lbs. 
The  diflference  in  temperature  of  the  steam  at  10  lbs.  and  38  lbs.  =  38" 

Then  if  one  lb.  of  coal  heats  13000  lbs.  of  water  i*  in  i^,  it  will  raise  61031*35  lbs.  ifSM^ 
in  one  hour. 

1 1 30  lbs.  of  coal  will  raise  it  1 120  X  M"*  in  one  hour,  that  is,  330*3°.    Then 

320*3*    :    38"    : :     i^  (=:  60")    :    x 
60 


330*3)1680*0  (  7*636^ 
1542 I  60 

13790    37*560 
13318 

5720 
4406 


Ant.  .*  7«  37«»6. 


13140 

Again,  taking  the  above  example,  and  supposing  it  to  be  salt  water,  then 

Taking  the  weight  of  a  cubic  foot  of  salt  water  at  64  lbs.,  the  weight  of  water  in  boiler 
equals  63496  lbs.,  which  multiplied  by  the  di£ference  of  temperature  38°  =£  1749888  the 
number  of  units  of  heat  to  raise  the  water  in  the  boiler  to  35  lbs.  pressure. 

The  number  of  units  of  heat  given  out  by  furnaces  in  one  minute  is 

iojc»aj<nooo  _  ^^^^ 

VaVoW  =  7-8i3»,  or  7«  48-7. 

Examples  for  PaAonoE. 

Ant, :  Time  xeqoirod 
Length.    Breadth.    Height.    Consumption     Pressure    Preesure.     IMff.  of   to  raise  the  Preaiore 


Ko. 

ft. 

ft. 

ft. 

per  hour. 

lbs. 

Ibe.      ! 

remperatoxe 

Freeh  wal 

I* 

13 

10 

8 

i8owt. 

33 

60 

61*8 

6*130 

3. 

13 

13 

8 

^i» 

37 

55 

20 

«7'»44 

J. 

14 

9 

9 

3    '1 

37 

S^ 

36 

18*380 

4- 

13 

10 

7 

2i„ 

37 

SS 

30 

13*888 

\  m 

10 

10 

6 

*      ,» 

30 

40 

39*3 

31*484 

w# 

30 

15 

II 

6    „ 

30 

50 

44*7 

4*i57 

Example. 

The  stays  on  a  flat  sided  boiler  are  13  inches  apart,  centre  to  centre;  some  of  theie 
have  wasted  away  to  i"  diameter  at  the  smallest  section;  if  the  pressure  of  steam 
carried  be  30  lbs.  per  square  inch,  what  strain  is  there  upon  the  square  inch  of  the  section 
of  these  stays  P  (What  is  the  total  pressure  upon  the  area  supported  by  the  stay  P  Divide 
that  by  thr  sectional  area  of  the  stay.) 

QQ 


226  Questions  relating  to  BoUers^  ^c. 

Area  of  section  of  stay  =  diameter'  X  '7854. 

lbs.  held  up  by  i  stay  =^  pitch  X  pressure. 

Strain  per  sqoare  inch  of  section  =  lbs.  held  ap  by  i  stay  -f-  by  area. 

.   .  snrain—  awaofaecofrtay 
Strain  =  .  "  ^^°    =  7184*4  lbs.  per  square  inch. 

Pitch  of  stay  12             }  =  '875  '875  diameter. 

12  '875               '60 1 3)4320*00000(7 1 84*4  lbs. 

—  —                        42091 

Pitch"  =144  square  inches.  4375                         ■ 

Pressure  =  30  lbs.  6125                             11090 

7000                               6013 

4330  lbs.  held  up  by  i  stay. 


•765625  =  dia,*  50770 

•7854  48104 


3062500  26660 

3828152  24052 

6125000 


\ 


5359375  a6o8o 

'601 32 1    =  area  of  section  of  stay. 

Answer :  7184*4  lbs.  per  square  inch. 

Note. — The  greatest  strain  per  square  inch  of  section  of  stay  allowed  is  5000  lbs. ;  there- 
fore the  above  Rtrain  is  half  as  much  again  as  it  should  be ;  and  this  shows  that  the  pressure 
used  (30  lbs.)  is  half  as  much  again  as  it  should  be,  therefore  the  pressure  most  be  reduced 
to  20  lbs. 

Examples  fok  Pbaotiob. 

Pitch  of  stays       Stays  hare  Working  Pitch  of  stays       Stays  have  Worldiig 

from  centre  corroded  prewure  from  centre  corroded  ineflsare 

No.         to  centre.  away.  of  boilers.  No,       to  centre.  away.  of  boilers. 

I.        16  inches.        -{^  inch.  25  lbs.  3.        16  inches.        i^  inch.  26  lbs. 

3.        14      M  '       >»  *8    »»  4-        15      »>  'A  »f  ao  „ 

Anstoert. 

1.  Pitch  16"  X  25  =  »6  X  16  X  25  =  6400  lbs.  held  up  by  i  stay ;  H  =  '8125,  and 
*8r25  X  '8125  (=  '66015625)  X  '7854  =  '5 1 84867 1 8750  area  of  section  of  stay  ;  .  * .  6400 
-^  5185  =  12343  lbs.  per  square  inch. 

2.  Pitch  14"'  X  28  =  14  X  14  (=  196)  X  28  z=  5488  lbs.  held  up  by  i  stay;  i»  X 
•7854  =  I  X  I  (=  0  X  '7854  =  1^54^  tl^e  area  of  section  of  stay ;  5488  -7-  *7854  = 
6987*5  lbs.  per  square  inch. 

3.  Pitch  16"  X  16*  (=  156)  X  26  =  6656  lbs.  held  up  by  i  stay;  ij*  =  1*25  X  1*25 
(=  1*5625)  X  7854  =  '1*22718750  =  area  of  section  of  stay ;  •  * .  66^6  -^  1*2272  =  5424 
lbs.  (nearly)  per  square  inch. 

4.  Pitch  15'  X  15*  (=  225)  X  20  =  4500  lbs.  held  up  by  i  stay;  i-ftg  =z  1*0625,  and 
1*0625  X  1*0625  (=  1*12890625)  X  '7854  =  * 886642968740  area  of  stay ;  .  * .  4500  4-  '8866 
=  5075  ^^B.  per  square  inch. 

EXAMPLB. 

A  flat  boiler  bottom  is  16  ft.  by  12  ft.,  pressure  30  lbs.  per  square  inch,  9  rows  of 
stays  and  7  stays  in  each  row,  allowing  5000  lbs.  per  square  inch  of  section  on  the  staySy 
what  must  be  the  diameter  of  the  stays  P 

KoTB.— The  sides  of  the  boiler  act  as  a  row  of  stays,  not  a  row  at  each  end,  but  only  half 
•  row  at  each  end,  so  that  M  rows  -|-  h  &&<!  N  stays  -f-  ly  mxuit  be  used  as  diyisors. 


Questiofu  relating  to  Baders,  Sfc,  lij 

Length  (in  inches)  X  breadth  (in  inchea)  X  pressure  =  total  pressure  on  boiler. 
No.  of  rows  X  No.  of  stays  X  3000  =  total  pressure  allowed  on  stays. 

•    •  total  preasuro  aUowed  on  stays  ""  ^'^  "^  "^^^ 

and  •»  ^-^f^  =  diameter  of  stays. 

Length  16  ft.  X  12  =  192  inches. 
Breadth  12  ft.  X  12  ==  144  inches. 

9  rows  -f-  I  row  =  10  rows.  193 

7  stays  4-  I  stay  ^  8  stays.  144 

80  stays.  768 

5000  768 


192 


400000  :=  total 
pressure  allowed  on  stays.         27648  square  inches. 
Otherwise :—  30 

80)27648 


345*6  sq.  in.  held  up  by  each  stay. 


400000)829440  total  press,  on  boiler. 


30  lbs.  2*0736  area  of  stays. 


5000)10368*0  lbs.  held  up  by  i  stay. 

2*0736  =  area  of  stays. 

*7854)2*0736o(2'64=:  diameter'  i 

15708  I 

50280  26 

47124  6 


2*64(1*6  inches. 

I 

1*64 
8 


31560  32 

31416 

Am :  1*6  inches,  the  diameter  of  stay. 

Examples  fob  Pbaotiob. 

No.  of  No.  of  Pressure  Press,  each  Ant. : 

No.      Length.               Breadth.  Bows  of  Stays  in  of  steam.  Stays  to  bear.   I>ia.of8tay. 

ft.    in.                ft.    in.  Stays.  one  row.  lbs.  lbs.  in. 

96                   76  4  4  20  5000  1*446 

12     o                  70  4  6  20  5000  i*3a 

17     6                ''3  ^  9  3*  5000  i*8» 

19    7                  7     *  6  4  '8  5000  i«68 

23  2                18    9  22  II  30  5000  1*31 

24  7                23     3  12  15  26  5000  i«6a 


X 

2. 

3 

4 

5 
6 


To  find  the  pressure  that  may  be  earried  in  a  flat  bottomed  boiler. 

Examples. 

A  flat  bottomed  boiler  is  15  ft.  6  in.  by  12  ft.  7  in.,  water  9  ft.  6  in.,  diameter  of  stays 
i^  in.,  and  72  in  number :  find  the  steam  pressure  per  sq.  inch  the  boiler  may  be  worked 
at,  the  strain  on  the  stays  being  5000  lbs.  per  sq.  inch  of  section. 

(«).    No.  of  inches  held  up  by  .  stay  =  '^  ^^^ 

(b).    Lbs.  pressure  on  each  stay  =  diameter'  X  '7854  X  strain. 
(0).    Total  pressure  =:  ^ 


128 


Questiani  relating  to  Sail&n,  Sfe, 


1$  ft.  6  in.  X  12  ft.  7  in. 
za  12 


7* 


9)28086 


186 

186 
930 
186 


151 


8)3120-6 
3901 


Or  390  sq.  inohes  held  up  by 
I  stay  (a). 


28086  area. 
(3).    i'a5  X  V2S  X  '7854  X  5000  lbs.  =  61 35*9375  lbs.  pressure  held  up  by  i  stay. 

feet.     feet. 

390)6136(15*7  Ibe.  per  sq.  inch. 
390 


9220 


2236 
1950 

2860 


2800 
^305 


. ' .  Total  pressure 
Water 


Steam 


I* 


II 


15*7  lbs. 
41   99 


iv6 


II 


The  stays  on  the  flat  sides  of  a  steam  boiler  are  i}  inches  diameter,  and  they  are  spaced 
12  inches  apart^  centre  to  centre :  what  should  the  safety-valve  be  loaded  at  if  the  strain 
per  square  inch  of  stay  section  is  not  to  exceed  5000  lbs.  per  square  inch  P 

Load _  liixjZ^LXiooo 


Dia.  lY  =    1*5 
15 


Dia.»  = 


75 
'5 

2*25 


2*25 
•7854 

900 
1125 
1800 

1575 

1*767150  area  of  stay 
5000  =  strain 


12> 

Pitch  12* 
12 


144  sq.  in.  of  surfiice  held  up  by  i  stay 


144 


ia)8835-75 
12)736*312 


^^IS'l S^^^^^^  ^^*  press,  on  i  stay  ^i*359  lbs.  press,  per  sq.  in. 

The  stays  of  a  flat  sided  boiler  are  1}  inches  diameter,  and  the  pressure  carried  is 
50  lbs.  per  square  inch :  how  many  square  inches  of  the  side  of  the  boiler  is  one  of  these 
stays  sufficient  ibr,  allowing  a  strain  of  5000  lbs.  per  square  inch  of  section  P 

Areaofstoy=  1*875  X  1*875  X  •7854  =  2761171875. 

Strain  on  stay  =  2*761171875  X  5000  =  13805*859375. 

Space  held  up  by  a  stay  =  13805*859375  ^  50  =  276*117  square  inches. 

Examples  fob  Pbaotige. 

An9 :  Load  on 
Safety  valTO. 

18*938  lbs. 

39**7     » 

39'*7    II 

^1*359  II 

33*^^    II 

57'ao    II 
49*121  „ 

4S*o8    11 


No. 
I. 

Diameter 
of  Stays. 

li  inches. 

Pitch 
of  Stays. 

18  inches. 

Strain  of  sq.  inoh 
of  Seotion. 

5000  lbs. 

a. 

II 

10      II 

5000  „ 

3- 

II 

IS      II 

5000  „ 

4- 

f» 

20      „ 

5000  „ 

5. 
6. 

»» 
II 

13  J    ,1 
14J    1, 

5000  II 
5000  l» 

7- 
8. 

II 
II 

19      »i 

5000  „ 
5000  II 

Questions  relating  to  Boihrs^  Sfc.  iig 

To  find  fhe  prestnre  that  may  be  carried  in  a  circular  boiler. 

The  pressure  that  may  be  carried  in  a  circular  boiler  depends  upon  the 
tensile  strength,  or  bursting  strain,  of  the  plates,  their  thickness,  and  the 
diameter  of  the  boiler.    The  tensile  strength  of  best 

Torkshire  plates  is       26  tons, 
Staffordshire    „  20     „ 

2)^ 

Mean    23  tons. 

Hie  mean  of  these  is  23  tons  per  sq.  inch  of  sectional  area,  which  is  the  allowance  made 
hy  the  Board  of  Trade. 

Qiven  the  diameter  of  a  circular  boiler  and  thickness  of  plate,  &c.,  to  find 
what  pressure  is  to  be  carried. 

ETJLE  Om. 

Multiply  the  given  strain  hy  twice  the  thickness  of  plates  in  inches^  and  divide  the 

produet  hy  diameter  of  boiler  in  inches. 

Or  P  ^  *  ^  ^^  where  P  =  pressure, 

'  **'  « ^  strain, 

t"  ^  thickness  of  plates, 

(T  =  diameter  of  hoUer  in  inches. 

Example. 

Beqtdred  the  pressure  to  be  carried  in  a  circular  boiler,  the  diameter  of  which  is  12  feet, 
and  thickness  of  plates  }  of  an  inch,  seams  double  riyetted. 

I  ton  =  2240  lbs. 

Strain  in  lbs.  =  23  X  2240  =  51520  lbs. 

. • .  P««.^  =  ?ix_«^^^l2ii  =  626  lbs. 

2240  lbs.  5^5^^ 

23   tons  7 

672                                                                       8)360640 
448  

45080 


51520  lbs.  2 

144 


12)90160 


")75i3 

626  lbs. 

Supposing  there  are  no  seams  the  above  is  the  bursting  pressure ;  but  since  the  boiler  is 
formed  of  plates  joined  by  rivets,  and  that  pieces  of  the  plates  have  been  drilled  out  to  aUow 
the  rivets  to  enter,  the  plates  cannot  necessarily  be  as  strong  as  before,  as  they  have  a  less 
sectional  area  in  consequence  of  these  rivet  holes. 

It  is  usual  taallow  70  per  cent,  of  the  full  pressare  to  represent  the  strength  at  the  seams 
when  they  are  double  rivetted,  and  $6  per  cent,  when  they  are  single  rivetted. 
In  the  preceding  example  the  seams,  it  wiU  be  observed,  are  double  rivetted. 

Then,  since  fiiU  bursting  pressure  =  626  lbs., 
.  * .  70  per  cent,  of  this  will  equal  the  bursting  pressure  at  seams, 
i,e.,  626  X  70  -r  100  =  438*2  lbs.  the  bursting  pressure  at  seams. 


23^  QuMtiona  relating  to  Boilers^  tfc. 


The  working  pressure  is  between  \  and  \  of  the  bursting,  depending  upon  the  nature  of 
the  iron,  workmanship,  &c.    Then 

6)438^ 

73'o  :=  working  pressure. 


THE  STEENGTH  OF  SEAMS. 

In  the  above  example  we  have  taken  the  allowance  for  seams  to  be  70  and  $6  per  oent. 
This  is  not  always  correct,  as  the  real  strength  will  depend  upon  the  proper  proportions 
being  maintained  between  the  thickness  of  the  plate  and  the  diameter,  and  the  pitch  of  the 
rivets. 

The  strength  of  the  joints  is  found  by  the  following  method : — 

Pitch--du^^^rivet)xioo  _.  p^  oentage  of  plate  at  joint  compared  with  solid  plate. 

solid  plate. 

KoTB. — If  the  rivets  are  exposed  to  double  shear,  multiply  the  last  per  centage  by  1*5. 
Then  the  smallest  of  the  two  per  centages  is  to  be  taken  as  the  strength  of  the  joint. 

Ex.  I.  In  a  double-rivetted  seam  the  rivets  are  ^  inch  diameter,  and  placed  at  a}  inch 
pitch,  the  plates  are  ^  inch  thick :  what  per  centage  of  strength  has  the  seam  as  compared 
with  the  strength  of  the  solid  plate  F  (Neglect  friction  and  take  material  of  rivets  said  of 
plates  as  of  equal  strength). 

(Pitch  — dia.  of  riTets)  X  xoo        (a-as  — '8x25)  x  100 ^^.«    ^^.  ^ ,      »    . i.v    *     i«j    1  1. 

^^ '- =  i— 2 — ^^ =  63*89  per  cent,  of  strength  of  sohd  plate. 

>'a5  a*»S)H3'75oo(^3'89  nearly. 

—  'SiaS  1350 

I '4375  875 

100  675 

1437500  aooo 

1800 


2000 
2025 


Then  the  lesser  of  these,  viz.,  63*89  per  cent,  will  be  the  strength  of  the  joint. 

Diameter  of  rivets  U.  Pitch  2  J  inches. 

^)iyo  J)io 

4)  1 30  -25 

16  {     

4)3**5  .   .  2i  :=  2*25  inches. 

•8125 
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Area  of  rivet,  &c.  =  '^^-^^^r^l^T^^-2^—  =  91-17  per  centage  of  strength  of  seam. 


Diameter  of  rivet  ^  =  '8125 

•8125 

40625 
16250 
8125 
65000 


•66015625 
•7854 


Pitch  2*25 
Thickness  of  plate  '5 

1125 

1*125)103*6972(92*17 
10125 

3447 
2250 


264062500 

330078125 

528125000 

462109375 
•518486,71875 

200  (=  2  X  100) 
103*6972 

Ant,: 

1972 
"25 

8470 
7875 

595 
92*17  per  cent. 

Otherwise,  expressed  pitch  and  diameter  of  rivets  each  in  sixteenths,  we  have— 

pitch  ~  dia.  of  rivets  _  (ij  —  ffl  X  100  _  (H  —  ffl  X  100  _  V 

pitch  ""  2t  ■"  ^  •"        36 


X  100 


=  *W^  =  63*89  nearly. 


V 


Area  of  rivet  X  No.  of  rows  X  100     11x11X7854X2X100     i;§X\SX'7^^4XaX  100 
pitch  X  thickness  of  plate  *  J  X  i  3!^       A 

^  !3_X_L3_X_^4^XO<_Loo  ^  ,^^.^^  ^  ^^ 

Ex.  2.  In  a  treble  rivetted  boiler  the  rivets  are  f  inch  diameter  and  placed  at  21^  inches 
pitch,  the  plates  are  H  iz^ch  thick :  what  per  centage  of  strength  has  the  seam  as  compared 
with  the  strength  of  the  solid  plate  F  (Neglect  friction  and  take  the  materials  of  rivets  and 
of  plates  as  of  equal  strength). 

™  .    _  (pitch  —  dia.  of  rivets)  X  100  _  (^A  -  ffl  X  100       («  -  it)  X  100 


X  100 


37 


=  »W  =  ^7*57  P«f  cent. 


12 


12 


Dia.  of  rivet 

No. 

Inch. 

I. 

t 

2. 

ij 

3- 

lA 

4- 

I 

BiveU  =  area  X  No.  of  row»  _  ^  X  ^  X  -7854  X  3  X  100 
pitch  X  thickness  of  plate  37  w  il 

12  X  "  X'7854X3X  loo  ^.^^.^^ 

37  X  II  J  J    1-* 
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Pitoh.  Thickness  of  plate.  Anaww: 

Inch.  Inch.  Percent,  of  plate.      Percent,  of  rivet. 

aj  A  65-  85-5» 

3  I  58-33  93'5 

3t  li  55*77  8877 

3*  tt  7 1 '43  ^5'a8 
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259.  To  find  the  number  of  rivets  required  for  a  single  rivetted  oylindrioal 
boiler,  giving  the  courses  of  plates,  the  number  of  plates  in  each  course,  the 
number  of  holes  along  the  side  of  each  plate,  and  also  along  each  end. 

RULE  OIV. 

1°.  Multiply  the  number  of  holes  along  the  side  hy  the  number  of  plates,  and 
from  the  product  deduct  the  numhor  of  plates  fthat  is,  deduct  one  hole  for  each 
landing  J  f  and  this  remainder  being  multiplied  bg  the  number  of  eourseSi 
increased  bg  one,  the  product  is  the  number  of  rivets  in  circular  seams. 

2°.  Multiply  the  number  of  end  holes  bg  the  number  of  plates,  and  from  the 
produtt  take  twice  the  number  of  plates,  the  remiainder  being  multiplied  bg  the 
number  of  courses,  gives  the  number  of  rivets  in  longitudinal  seams. 

3°.  Add  the  resuUs  obtained  in  Nos.  1°  and  2°  together,  thai  is,  add  together 
the  rivets  in  circular  seams,  and  the  rivets  in  longitudinal  seams,  the  sum  of 
these  is  the  total  number  of  rivets  required  for  all  the  holes. 

Or  thus : — 

1°.  Multiply  the  numJ>er  of  courses  bg  one  less  than  the  number  (>f  end  holesi 
and  add  i  to  the  product,  the  sum  multiplied  bg  the  nimiber  of  plates  gives  the 
number  of  rivets  in  horizontal  seams, 

2°.  Next,  muUiplg  the  numhor  of  plates  bg  one  more  than  the  number  of 
courses,  and  this  again  bg  two  less  than  the  number  ofBiie  seams,  the  product  is 
the  number  of  circular  seams. 

3®.  Add  together  the  results  obtained  bg  No.  1°  and  No.  2°,  the  sum  is  the  total 
number  of  rivets  required. 

Example. 

The  shell  of  single  rivetted  cylindrical  hoilers  consists  of  9  courses  of  plates  with 
4  plates  in  each  coarse ;  the  number  of  holes  along  the  side  of  each  plate  is  42,  the  number 
along  each  end  of  each  plate  is  18,  how  many  rivets  will  be  required  for  all  these  plates  P 

42  X4  —  4X10=  1640,  the  number  of  rivets  in  circular  seam. 

18X4  —  8X9  =  Sl^t  the  number  of  rivets  in  longitudinal  seam. 

. ' .  1640  -4-576  =  2216  rivets,  the  total  number  required. 

Side  holes  42  End  holes  18 

Multiply  No.  of  plates  4  Multiply  by  No.  of  plates      4 

168  72 

Deduct  No.  of  plates  —    4  Deduct  twice  No.  of  plates — 8 

164  64 

Multiply  by  No.  of  courses  •{•  i      10  Multiply  by  No.  of  courses   9 

1640  rivets  in  576  rivets  in 

circular  seam.  longitudinal  seam. 

Rivets  in  circular  seam  =  1640 

f,         longitudinal  seam  576 

Total  number  required  2216 
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Or  thus : — 

If  there  are  9  coorsee  there  mast  be  10  circular  seams;  then  42  holes  X  4  plates  —  4 
(dedacting  one  hole  for  each  plate)  X  10  seams  ^  168  —  4  X  10  =  164  X  10  =  1640 
rivets  for  circular  seams;  and  since  there  are  4  plates  to  each  course,  and  there  are  9 
courses,  there  must  be  4  X  9  =  36  cross  seams  altogether.  Then  36  seams  X  i  S  holes  = 
648  riyets  in  cross  seams,  but  the  comer  rivets  in  these  cross  seams  are  also  counted  in  the 
circular  seams ;  therefore,  for  every  cross  seam  a  rivets  must  be  left  out  in  the  calculation, 
that  is,  36  cross  seams  X  2  =  72  rivets,  which  must  be  subtracted  from  the  648  cross  seams 
=  648  —  72  =  $76 :  then,  1640  rivets  for  circular  seams  +  57^  rivets  in  cross  seams  =: 
22 1 6  rivets,  the  total  number  required. 


Or  thus: — 


Horizontal  seams  =  4 1  (9  X  17)  +  ^  |  =   ^'^ 
Vertical  seams      =  4  X  10  X  40        ?=  1600 

Total  number  of  rivets  ==2216 


Oourses                         9 
End  holes,  less  i  ^     17 

No.  of  plates 
Ck>ur8e-4- 1 

4 
10 

153 
+    I 

Side  seam,  less  2  = 

40 
40 

'54 

No.  of  plates                 4 

Vertical  seams 

1600  rivets. 

Horizontal  seams       6x6  rivets. 

Horizontal  seams 
Vertical  seams 

Total  number 


616  rivets. 
1600     „ 


2216 


f» 
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No. 
I. 
2. 

3- 

4* 

5- 
6. 


No.  of 
courses. 

7 
8 

10 

9 
8 

12 


No.  of  Plates 
m  each  course. 


8 
10 


4 
6 


No.  of 
side  holes. 

36 

44 
46 

39 
28 

26 


Na.of 
end  holes. 

14 
20 

^7 
21 

17 
12 


No.  of  riyets. 
2184 
4248 

7450 
2204 

2178 

1784 


Ex.    What  is  the  collapsing  pressure  on  a  furnace  tube  whose  thickness  is  iV  of 
inch,  diameter  2  ft.  1 1  in.,  length  10  ft.  3  in.  F 


ETJLE  OV. 


1^ 


2^ 


3^ 


Square  the  thichneei  and  multiply  hy  806300. 
Multiply  length  in  feet  hy  diameter  in  inches. 
Divide  the  first  product  hy  the  second. 

A'  X  806300  _  -4375"  X  806300  __  i54330'8S9375 
I H  ft;  X  35ia  ""       iO'^S  X;35       ""        358'75 
HH 


430*19  lbs. 
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QUESTION^  RELATING  TO  PUMPS,  &c. 


260.  Given  the  diameter  and  length  of  the  stroke  of  a  brine-pump,  also 
{he  number  of  strokes  per  minute,  and  the  ratio  of  the  fulness  of  the  pump, 
to  find  how  many  cubic  feet  of  water  it  will  extract  in  an  hour. 

EULE  CVI. 

1^.  IVnd  the  area  of  a  horizontal  iection  of  the  pump  by  vMiAtiphfing  the  e^uare 
of  the  diameter  hy  '7854. 

2°.  Multiply  this  hy  the  inches  in  the  stroke  ;  the  product  is  the  capacity  of  the 
pump. 

3^  Next^  multiply  this  product  (No  2°)  hy  the  fraction  it  is  full;  the  result 
is  the  quantity  delivered  at  one  stroke. 

4°.  Ifext,  find  the  quantity  delivered  in  an  hour  hy  multiplying  the  last  result 
(No.  3^)  hy  the  strokes  per  minute,  and  hy  (60)  the  numher  of  minutes  in  an  hour. 

5°.  Divide  the  cubic  inches  delivered  in  an  k<mr  as  found  above  (No.  4°)  hy  the 
numher  of  cubic  inches  in  a  cubic  foot  (1728);  the  result  is  the  cubic  feet  of 
water  discharged  by  the  pump  in  an  hour. 

Examples. 

Ex.  I.  How  many  cubic  feet  of  water  will  be  extracted  in  an  hour  by  a  brine-pamp  3 
inches  in  diameter  and  10  inches  stroke,  making  18  strokes  per  minute;  the  pump  being 
f  full  each  stroke  ? 

1.  Gapacity  of  pump  =  '7854  X  3*  X  10  :=  70-686  cubic  inches. 

2.  . ' .  quantity  delivered  at  each  stroke  =  }  X  70*686  =z  47*124  cubic  inches. 

3.  And  quantity  delivered  in  an  hour  =  18  X  60  X  47*124  =  S^^9Z'9^* 

4.  But  a  cubic  foot  is  equal  to  1728  cubic  inches  . ' .  cubic  feet  discharged  ^  ^VNfi^ 

I.               '7854                                         2.               70*686 
9  a 

7*0686                                                     3)141*372 
10  


70*6860  cubic  inches. 


47*124  cubic  inches. 


47*124  4.  /  i2)5o893'92 

60 

1728  {    12)4241*16 


282*744,0 


'8  V      ia)353*43 


2261952  29*45  cubic  feet. 

282744 

50893*92  cubic  inches. 

An  examination  of  the  foregoing  solution  will  show  that  the  quantities  '7854  and  60  ooour 
as  constant  multipliers,  and  that  1728  is  a  constant  divisor.  Now,  if  we  divide  the  product 
of '7854  X  60  by  1728,  the  constant  multiplier  *02727  is  obtained,  and  the  work  will  be 
somewhat  abridged.    The  work  will  stand  thus : — 

3"  X  10  X  J  X  18  X  -02727  =  9  X  10  =  (90)  X  }  =  (60)  X  18  =  (1080)  X  -02727  = 
29*4516  cubic  feet. 
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Ex.  2.  How  many  cabio  feet  of  water  will  be  extracted  in  an  hour  by  a  brine-pnmp  3} 
inches  in  diameter  and  1 2  inches  stroke,  making  15  strokes  a  minute ;  the  pump  being  f  fall 
at  each  stroke  ? 

3 J  inches  =  3*25  and  3*25"  =  10*5625. 

1.  Capacity  of  pump  =  -7854  X  10*5625  X  la  =  99'S4945' 

2.  .  * .  quantity  delivered  at  each  stroke  =  }  X  99*54945  =  74*66209. 

3.  And  quantity  delivered  in  an  hour  =  15  X  60  X  74*6621  =  67195*8900. 

4.  But  a  cubic  foot  equals  1728  cubic  inches  .  * .  cubic  feet  discharged  =  ^^^'f^^ 

Examples  for  Faaoticie. 

Diameter.  Diameter. 

No.        of  Pump.  Stroke.  No.  Batio.  No.        of  Pomp.  Stroke.  No.  Batio* 

3^  inches    12  inches    ^5   }       7*   4  inches   40  inches   25   ( 
3i 


I 

1 

3 

4 
5 


31 

10 

3l 


14  „  "  t  8.  5i  „  20  „  30  f 

30  »>  36  i  9-  7l  M  17  »>  »7  * 

30  „  50  I  10.  6f  „  18  „  12  full 

ai  „  18  i  II.  5i  „  i5i  „  35  I 


i2i    M  15      I  "•      "}    „  30      „  21 

261 .  Given  the  diameter  and  the  length  of  the  stroke  of  a  pump,  also  the 
number  of  revolutions  per  minute,  and  the  ratio  of  the  fulness  of  the  pump, 
to  find  how  long  it  will  take  to  pump  a  ballast  tank  out  contcdning  a  given 
number  of  tons  of  sea  water. 

RULE  cvn. 

1°.    Proceed  aeeording  to  Eule  UYl,  Nos.  1°  to  5°,  inclusive. 

2^.  Reduce  the  tons  of  water  contained  in  the  tank  to  cubic  feet  hy  multiplying 
them  hy  the  number  of  cubic  feet  (35)  *»  «  ton, 

3°.  Divide  this  last  product  by  the  cubic  feet  0/  water  discharged  by  the  pump 
in  an  hour  (No.  2°) ;   the  quotient  is  the  time  required  to  discharge  the  tank. 

EXAHPLBS. 

Ex.  I.  How  long  will  it  take  to  pump  a  ballast  tank  out  containing  150  tons  of  lea 
water,  the  diameter  of  the  ballast  donkey  pump  is  5  inches,  and  length  of  stroke  10  inches 
(double-acting),  making  100  strokes  per  minute,  ^  of  the  pump  being  empty  space  f 

NoTB.<^The  question  as  worded  at  the  examinations  is  100  strokes,  but  it  is  properly  100 
revolutions,  and  as  it  is  double-acting  it  must  be  doubled. 

1.  Capacity  of  pump  ^  -7854  X  5"  X  10  =  196*35  cubic  inches. 

2.  . ' .  quantity  delivered  at  each  stroke  =  f  X  196*35  =  147*2625. 

3.  And  quantity  delivered  in  an  hour  r=  (100  X  a)  X  60  x  147*2625  =  1767 150. 

4.  But  a  cubic  foot  is  equal  to  1728  cubic  inches,  .  * .  cubic  feet  discharged  in  an  hour 
=  ^WA^^  =  1022*656. 

5.  Cubic  feet  contained  in  tank  =:  150  X  35  =  5250  cubic  feet. 

6.  Time  required  to  discharge  water  in  tank  =  f^M.'M  =  5**  8»  i». 

i  pump  empty  leaves  f  pump  full. 

I.  '7854  »•  «96-35 

S'        »5  3 


39270  4)58905 

15708 


147*2625  :=  cubic  inches 


19*6350  discharged  each  stroke. 

10 


196*3500  cubic  inches. 
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3.  147*31^25  4.  / 12)1767150 

(100  X  a)  ^  aoo 


1728  I    ia]i4726a'5 


»945>*5»ooo 


60  \      I2)i227i'875 


1767150*0  =  cubic  inches  discharged.  1022*656  =  oabio  feet 

dischaiged. 

Tank  contains  150  tons.  1022*656)5250*000(5^ 

I  ton  =  35  cnbio  feet.  51 13280 

750  136720 

450  60 


Tank  contains  5250  cubic  feet.  8203200(8™ 

Ant, :  5»»  8»  i*. 


818x248  *) 


2195a 
60 

i3i7i2o(i» 
1022656    - 

Ex.  2.  How  long  will  it  take  to  pump  a  ballast  tank  out  containing  165  tons  of  water 
the  diameter  of  the  ballast  donkey-pump  is  6  inches,  and  length  of  stroke  12  inches  (doable 
acting),  making  120  strokes  per  minute,  ^  of  the  pump  being  empty  space. 

6»X7854Xxa^XJx6oxiaoxa  ^  ^^.^^^  ^^  ^^^  ^  ^^ 

> '  •  >AUs  =  a^  20<»  3%  time  required  to  pump  the  tank  out. 

Ana. :  6  X  6  X  7854  {=  a8'a744)  X  12  X  }  (=  296*8812)  X  60  X  "o  (=  2137544*64) 
X  a  =  4275089*28  -J-  1728  -7-  35  =  70*686  tons  pumped  per  hour. 

165  tons  -^  70*686  =  2^  20»  3%  the  time  required  to  pump  the  tank  out. 

Examples  fob  Fraotioe. 

Empty  Ana. : 

Diameter       Length  of  stroke.    No.  of  strokes  space  in        Ballast  tank         Time  required  to 
No.  of  pomps.       (Double-acting).       per  minute,     pumps.  oontains.         pump  the  tank  out. 

1.  9  inches.  10  inches.  70  ^  240  tons.  3^  37"^  i8* 

2.  9      „  14      „  120  J  a3i'43»  I    »7    18 

EXAKPLBS. 

Ex.  I.  The  water  ballast  donkey  working  alone  can  discharge  the  water  ballast  in  2 
hours ;  the  boiler  donkey  working  alone  can  discharge  it  in  8  hours :  in  what  time  will  it 
be  discharged  if  both  pumps  are  working  P 

In  I  hour  ist  empties  \  of  tank. 
„        and      „      i       „ 

Hence  in  i  hour  both  togettier  discharge 

J  +  i  =  f  +  J  =  foftank, 

and  the  whole  work  i  divided  by  f  gives  the  hours,  &c,  they  will  require  to  do  it  jointly ; 
thus:— 

i-rf^|=i  X*  =  *)8 

60 


5)180 

36« 
KoTB.— To  divide  by  a  fraMion,  ihvert  the  divisor  and  multiply. 
Or,  stating  the  question  direotf  y  we  should  say 

I    :    1    ::    time  required    :    1^ 


Ans, :  i^  36"* 
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Bat  the  greater  the  fraction  representing  the  hourly  work  done,  the  smaller  mnflt  he  the 
time  required  for  any  given  quantity  of  work. 

Hence  |  :  i  : :  i^  :  time  required  =  f  of  i^,  and  f  of  1^  =  i^  36°*. 

Or  again,  here  i^  in  which  the  fraction  |  is  done  is  obviously  to  be  increased  in  that  ratio 
which  will  turn  |  into  i,  or  the  whole,  and  this  ratio  is  f,  for  |  X  f  =  i* 

The  following  rule  will  perhaps  be  preferred  by  Bome  as  being  simpler 
than  the  preceding  methods. 

EULE  ovni. 

i^.     Take  the  simi  of  the  times  in  which  they  separately  disehmrge  the  tank. 

2*.    Find  the  product  of  these  times. 

3°.  Divide  the  product  found  hy  No.  z^  hy  the  sum  found  in  No.  i^ ;  the 
quotient  is  the  time  they  will  require  to  do  it  jointly. 

Then  (ex.  above)  since  they  separately  discharge  the  tank  in  2  hours  and  8  hours 
respectively,  we  have 

2^  +  8»»  =  io»» 
and  2*»  X  8»»  =  i6»»  Then  10)16 

60 
10)360 

36«  Ana, :  i^  36" 

Ex.  2.  The  water  ballast  donkey  working  alone  can  discharge  the  water  ballaat  in  2 
hours,  the  boiler  donkey  working  alone  can  discharge  it  in  9  hours,  in  what  time  will  it  be 
discharged  if  both  pumps  are  working  ? 

In  I  hour  the  ist  discharges  \  tank. 
»  *iid       „        i     „ 

Hence  they  both  together  discharge 

J  +  i  =  A  +  A  =  »oftank. 

Then  since  they  both  (together)  discharge  H  of  the  tank  in  i  hour,  the  whole  work  i 
divided  by  -H  gives  the  hours,  &c.,  they  will  require  to  do  it  jointly.    Here^  again 

i_i8 
^-77)18 

60 
11)420  Am,:  i»»  38'"'2 

38«*2  nearly. 
Or,  since  they  separately  discharge  the  tank  in  2  hours  and  9  hours  respeotlTely,  we  baye 

2»»X9*»=i8»»  11)18 

60 
11)420  ^^.  ;  |h  3g.am 

38«-a 
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Examples  fob  Fraotiob. 

In  eacli  of  the  following  examples  given  the  times  in  which  the  ballast 
donkey  and  boiler  donkey  can  separately  discharge  the  water  ballast  tank,  to 
find  the  time  in  which  both  can  do  the  work. 


No. 

Ballast  Doidcey. 
h      m 

Boiler  Donkey, 
h      m 

Am. :  Time  both  oan  pump  it  oat. 
h        m 

I. 

3      0 

7       0 

6 

2. 

4     30 

6     30 

39'5 

3' 

a     M 

9      0 

48 

4- 

2    40 

6    50 

5S"io 

5. 

2     10 

4    15 

261 

6. 

3    30 

5    45 

10 

262.  Given  the  diameter  of  cylinder,  number  of  revolutions,  length  of 
stroke,  and  the  cut-off  of  a  pair  of  engines,  to  find  the  cubic  feet  of  steam 
used. 

EULE  OIX. 

i^  Square  the  diameter  of  cylinder^  multiply  this  hy  7894,  hy  the  number  of 
revolutions  per  minute,  hy  60,  hy  double  the  stroke  in  inches f  hy  the  eui-ojf^  and  hy 
2  fheing  a  pair  of  engines)^  the  result  is  cubic  inches  of  steam  used. 

2°.    Divide  this  last  hy  1728,  the  quotient  is  the  cubic  feet  of  steam  used. 

Examples. 

Ex.  I.  How  many  oubio  feet  of  steam  will  be  used  per  hour  by  a  pair  of  engines  making 
47  revolutions  per  minute,  the  diameter  of  the  cylindors  being  42  inches,  t^e  stroke  42 
inches,  the  cut-off  being  at  \  of  the  stroke  from  the  beginning  P 

Cubic  feet  of  steam  =  4^' x  7854  x  47^,60  x  84  x  ^  x  a 

42^^  diameter.  1385*4456 

42  47  revolutions. 

84  96981 192 

168  55417824 

1764  =  diameter*  651 15-9432  Stroke  42* 

•"7854  60™  2 


7056  39o69S^*592<>  84 

8820  84  twice  the  stroke. 


1411a  "— 

12348  156278263680 

312556527360 


1385-4456  =  area  of  base. 


1)328184353728^ 

164092176*864 

2 

12)328184353*738  oubio  inches. 
1728  \    12)27348696*144 
12)2279058*012 
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Ex.  2.  How  many  cubic  feet  of  steam  will  be  used  per  hour  by  a  pair  of  engines  making 
74  reyolntions  per  minnte,  the  diameter  of  the  cylinders  being  63}  inches,  the  stroke  36 
inches,  the  cnt-of  being  at  i  of  the  stroke  from  the  beginning  F 


Cubic  feet  of  steam  =: 


__  63!'  X  -7854  X  (36  X  a)  X  74  X  t  X  60  X  a 

1728 


Ans, :  63-75  X  63*75  (^4064-0625)  X  '7854  (=3 191 -9 1468750)  X  twice  stroke  in  inches, 
yiz.,  72  (=  229817-8575)  X  74  (=  170065*^*455)  X  5  -r  6  (=  14172101-2125)  X  60 
(=  850326072*75)  X  2  =  1700652145*5  cubic  inches,  and  this  last  divided  by  1728  (the 
number  of  cubic  inches  in  a  cubic  foot)  gives  984173-6953125  cubic  feet  of  steam. 

Ex.  3.  How  many  cubic  feet  of  steam  will  be  used  per  hour  by  a  pair  of  engines  making 
54  revolutions  per  minute,  the  diameter  of  the  cylinders  being  42  inches,  the  stroke  36 
inches,  the  cut-off  being  at )  of  the  stroke  from  the  beginning  ? 

Cubic  feet  of  steam  =  4»' X  7854  X  (36  X  a)  X  54  X  f  X  60  X  » 

1728 

Afu,:  4a  X4a  (=  1764)  X  7854  (=  1385*4456)  X  72 (=99752-0832)  X 54 (=538661 2*4928) 
and  i  (=  3591074*995*)  X  60  (=  215464499-712)  X  a  =  430928999-424  cubic  inches, 
which  divided  by  1728  gives  249380*208  cubic  feet  of  steam. 

Examples  fob  Pbaotioe. 


Diameter  of 

Lenfirthof 

BevolutioDB 

An». :  Oabic  feet  of 

No. 

Cylinder. 

Stroke. 

per  minute. 

Bteim  cut  off. 

steam  used  per  H.P. 

I. 

76  inches 

42  inches 

51 

f  of  the  stroke 

385599-984 

a. 

9> 

48 

»» 

49 

i 

ft 

1628668-272 

3- 

94 

54 

)> 

62*4 

t 

» 

2029889*862 

4. 

54 

7a 

>» 

^6'S 

♦ 

It 

433507*14 

5. 

4a 

4a 

i» 

47 

i 

tt 

189921*501 

6. 

45 

36 

)) 

5' 

f 

tt 

a53475*578 

7. 

36 

50 

f» 

50 

A 

tt 

154625*627 

8. 

62 

48 

it 

47i 

* 

it 

717030-93 

263.  GKyen  the  area  at  water  level  of  boiler,  to  find  how  many  tons  of 
water  will  have  to  be  pumped  into  it  to  raise  the  water  in  the  glass  a  g;iyen 
number  of  inches. 


In  this  question  the  following  figures  should  be  used : — 

One  cubic  foot  of  fresh  water  weighs  62^  lbs.  ==  1000  ounces. 
One  cubic  foot  of  sea  water  weighs  64  lbs. 
Thirty-five  cubic  feet  of  sea  water  weighs  one  ton. 
35*84  cubic  feet  of  fresh  water  weighs  one  ton. 

EXAITPT.TM. 

Ex.  I.    How  many  tons  of  water  have  to  be  pumped  into  a  boiler  whose  area  at  water 
level  is  20  feet  by  13  to  raise  the  water  8  inches  in  the  glass  7 


Weight  of  salt  water  = 


(»)  (b) 

ao  ft.  X  13  ft«  X  I  ft.        240*  X  156^  X  8* 
35  17««'  X  35 


240  Questions  relating  to  Pumps,  See. 


(a)  (b) 

13  156" 

20  240 


260  6240 

8  in.  = }  ft.             2  312 

3)sao  37440 
8 


7)»73'3333  c«Wo  feet. 


35  {    /  12)299520  oubio  inches. 

5)24-7619  I       

— ^— -  1728  <    12)24960 

4*95238  tOBB.  I  -— 

20  \        12)2080 

i9'0476o  owt.  (  7)'73'3333  oubio  feet 

35  {    

I   5)a4'76i9 


Ant. :  4  tons  19  owt. 


4*95*38  toM. 
20 


19*04760  owt. 

(a)  In  this  solution  the  dimensionB,  &o,,  are  taken  in  feet ;  the  height  to  whioh  the 
water  has  to  be  raised,  yis.,  8  inches,  is  also  expressed  as  a  fraction  of  a  foot — 8  inches 
being  equal  to  f  of  a  foot. 

(b)  The  dunensions  are  here  taken  in  inches,  and  the  result  is  cubic  inches,  which  must 
be  divided  by  1728,  in  order  to  obtain  cubic  feet. 

Or  thus,  by  cancelling — 
W         13 
^1 A  X  «  ^  =  "J*^  =  4-95*3  tons,  or  4  tons  19-0  cwt. 

W        9 
3 

Same  question  worked  out  for  fresh  water. 
Weight  of  fresh  water  =  ^%^~^.^  =  AWf-h  =  4*836309  tons  =  4  tons  16*72  cwt. 

^^        13       » 

^?2?X%^  =  rfrf*r  =  48363  tons,  or  4  tons  i6f  cwt,  nearly. 
\f        «-96 

3 

240  X  156  (=  3740)  X  8  =  299520  -f.  1728  (=  173*3333)  -r  35*84  =  4*836309  tons, 

or  4  tons  16*72  cwt. 

An$. :  Fresh  water,  4  tons  i6f  cwt,  nearly. 

"Ex.,  2.  The  area  of  the  boiler  level  is  144  square  feet ;  a  single-acting  donkey  pumps  10 
inches  into  the  glass  per  hour,  diameter  of  .pump  3  inches,  stroke  6  inches,  revolutions  per 
minute  120 :  what  is  the  efficient  stroke  of  the  pump  P 

Work  actually  done  by  pump  per  hour  = 

144  X  it  =  120  cubic  feet 

Work  done  by  pump,  if  fall,  per  hour  = 

3'  X  -7854  X  6  X  no  X  60  _  suUif^AA, 

3  X  3  (=  9)  X  -7854  (=  7'o686)  X  6  X  no  (=  4665-2760)  X  60  =  279916*56 

-f-  1728  =r  161*99  cubic  feet  (nearly). 

i6i'99    :     120    ::    6    :    X 
^^^~  =  4*44  inches  of  the  stroke  are  efficient,  or,  -74  of  the  stroke  is  efficient 


Questions  relating  to  Pttmps,  Sfo. 
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Example. 

The  plunger  of  a  bilge-pump  is  5  inches  diameter,  and  has  a  travel  of  aoo  feet  per  minnto^ 
the  diameter  of  the  delivery  valve  is  3^  inches,  and  has  a  lift  of  '25  of  an  inoh :  what  extia 
pressure  is  required  to  disdbarge  the  water  P 

F  =  feed  per  minute  of  plunger. 
D  =  diameter  of  plunger  in  inches. 
d  =  diameter  of  valve. 
b  =  breadth  of  opening  of  valve. 


Excess  Of  pressure  =  j^^^^^^^^^jrp 


In  small  valves  with  a  deep  cone  the  breadth  of  opening  bears  the  proportion  of  *7o6  to 
the  lift. 

goo'  XS* 200X200XSXSX5X5       _  -g.,-  ivg 

2,000,000  X  34*  X  '252         a,ooo,ooo  X  3*5  X  3'5  X  '25  x  -as  ""       •» 


3*5 
«75 

rf*  ^  12*25 
b^  =  '0625 

6125 

^450 
7350 


•765625 

2000000 

1531250,000000 


*=*25 

•^5 
b*  =  '0625 


F=200 

200 


F'  :=  40000 


I>  =  5 
5 

a5 
5 

5 

D*  =  625 

40000 


F«  D*  =  35000000 

1531250)25000000(16*32  lbs.  pressure. 

i53"5o 

9687500 
9187500 


5000000 

4593750 

4062500 
3062500 

lOOOOOO 

EXAMFLBS   FOB  PbAOTIOB. 


Travel 

Diameter 

Diameter 

No. 

ft,  per  minute. 

of  Plunger, 

of  ValTe. 

I. 

180 

4i 

»i 

2. 

250 

6i 

4* 

3- 

300 

6* 

4f 

4. 

280 

si 

4* 

5- 

195 

4l 

3i 
TJTAlfrT.TM. 

Opening 
ofValTe. 

.^iif..*  Excess 
of  Pressure. 

i 

i7'oo6 

5 

9*419 

•75 

6329 

•»5 

26-37 

i 

5*6» 

Ex.  I.    A  plunger  13  inches  diameter  has  a  travel  of  181  feet  per  minute:  with  what 
velocity  will  the  water  travel  through  a  discharge  pipe  6  inches  diameter  P 

The  velocities  are  in  inverse  proportion  to  the  areas,  or  what  amounts  to  the  same  thing, 
as  the  squares  of  the  diameters.    Hence, 


13' 


181  ft. 


^  _  i3«  X  181  _  i3X!^^i  —  Aiy^  =:  g^.^  feet,  the  velocity  per  minute. 


II 


1^2  QuMtions  relating  to  FutnpSf  Sec. 

Ex.  2.  An  air-pump  is  14  inches  diameter  and  17  inches  stroke,  the  cylinder  is  29  inches 
difuneter  and  30  inches  stroke.  The  Board  of  Trade  used  to  allow  |th  the  capacity  of 
oylinder  for  the  capacity  of  air-pnmp  single  acting.  The  air-pnmp  in  this  instance  is  doable 
acting :  is  the  capacity  more  or  less  than  the  Board  of  Trade  allows  P 

Capacity  of  cylinder  =  29"  X  '7854  X  30:=  i98i5'642 

Capacity  of  air-pnmp  according  to  Board  of  Trade  allowance  =  J^^J^f 'Aai  ^^  24^6'^$^- 

Capacity  of  pump  =  14"  X  '7854  X  17  =  1616-9528  . ' .  fHJ:tt4  =  '946 

whence  the  capacity  of  the  pump  is  greater  than  the  allowance  of  the  Board  of  l^rade  in  the 
ratio  of  i  :  '946. 

Ex.  3.  Two  bilge-pumps,  one  3  inches  the  other  4}  inches  diameter :  what  weight  of 
water  in  tons  will  be  discharged  per  hour  ? 

RULE  ex. 

Square  each  diameter^  add  the  results  and  divide,  by  2  ;  the  quotient  is  the  weight 
of  water  discharged  in  tons  per  hour. 

Tons. 
3  4*5  One  9 

3  4*5  The  other  20*25 

9  225  1)19*^5 

180  • 

Ant,  14*625  tons. 

20-25 

Ex.  4.  A  hole  I  square  inch  in  section  and  i|  foot  deep  admits  5  tons  of  water  per  honr : 
how  deep  down  is  a  leak  to  admit  34  tons  of  water  per  hour,  the  hole  being  3  square  inches 
in  section  P 

EULE  OXI. 

20  X  depth  =  ^tons  per  hour  per  square  inch  J  squared, 

sq.  in.  3)34  tons  per  hour. 

1 1*33  tons  per  hour  per  square  inch. 
"•33 


^ 


3399 

3399 
12463 

20)128*3689  =  (tons  per  hour  per  sq.  in.)  squared. 

6*41844  feet,  the  depth  of  the  leak. 

Ex.  I.    A  hole  4  square  inches  section  admits  40  tons  per  hour ;  how  deep  down  is  the 
leak  P    An$.^  5  feet. 

Ex.  2.    How  deep  down  is  a  leak  to  admit  28  tons  per  hour,  the  hole  being  3 J  square 
inches  section  P    JLm.^  3*2  feet. 

Ex.  3.    A  }  inch  rivet  has  fallen  out  a  ship's  bottom  16  foot  below  the  water  line :   how 
many  tons  of  water  would  accumulate  in  an  hour  if  it  were  not  pumped  out  P 

By  the  above  rule :— the  tons  per  hour  per  square  inch  of  section  are  equal  to  |/i6ft.  X  20 
=  17-885. 

And  the  square  inches  in  section  of  the  hole  =  }  X  }  X  '7854  =  '6013, 

.  * .  17*885  X  '6013  =  10-75425  tons,  Afu. 
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HORSE-POWER,   &c 


In  order  to  estimate  and  compare  the  different  kinds  of  work  performed 
under  different  circumstances,  it  becomes  necessary  to  have  a  distinct 
measure  or  unit  of  ivork  by  which  the  various  results  may  be  calculated  and 
the  amounts  ascertained. 

The  English  unit  of  i/oork  is  the  power  necessary  to  raise  one  pound  through  a 
space  of  one  foot 

Thus,  if  one  poimd  be  raised  one  foot  by  a  machine,  then  one  unit  of  work 
has  been  performed ;  if  four  pounds  be  raised  six  feet,  then  4  x  6  =  24 
units  of  work  have  been  performed;  and  so  on  for  other  combinations. 
Hence  the  units  of  work  performed  are  measured  hy  the  product  of  the  weight  of  the 
body  in  pounds,  and  the  space  or  height  in  feet  through  which  it  is  raised:  also 
pressures  and  resistances  of  every  kind,  in  whatever  direction  they  are 
exerted,  may  be  expressed  in  pounds,  and  therefore  measured  by  the  imit 
of  work  here  described.  But  for  purposes  of  calculation  in  connection 
with  steam  engines  this  unit  of  work  is  referred  to  one  minute,  as  the  unit  of 
time.  Taken  in  this  point  of  view,  the  unit  of  work  will  be  represented  as 
one  pound  raised  one  foot  high  in  one  minute.  But  as  such  an  amount  is  in 
general  inconveniently  small  for  engines  of  any  size,  the  standard  power 
usually  adopted  in  practical  mechanics  is  that  which  is  called  a  horse-power. 
It  is  assumed  that  a  horse  is  able  to  raise  33,000  pounds  one  foot  high  in 
one  minute ;  and  that  is  therefore  called  a  horse-power.*  Hence  to  find  the 
number  of  horse-powers  consumed  in  any  proposed  work  it  will  only  be 
required  to  divide  the  imits  in  that  work  by  33,000  times  the  minutes  in 
which  it  is  done. 

To  find  the  horse-powers  of  an  engine. 

EXILE  cxn. 

i^.  Square  the  diameter  of  the  cylinder  expressed  in  inches^  and  multiply  this 
^y  -7854;  the  result  is  the  area  of  piston  (Rule  LXXTI,  pages  184 — 185). 

2**.  Multiply  the  area  of  piston  (found  above,  No.  iV  by  the  pressure  per 
square  inch ;  the  result  is  the  pressure  in  pounds  on  the  piston. 

3^.  Multiply  twice  the  length  of  stroks  in  feet  by  the  number  of  revolutions  per 
minute  ;  the  product  is  the  space  the  piston  moves  per  minute. 

NoTB. — If  there  are  inches  in  the  leni^th  of  stroke,  we  may  bring  the  feet  into  inohefl, 
multiply  them  by  2  and  by  the  number  of  revolutions,  and  diyide  by  12. 

4°.  Multiply  the  pressure  in  pounds  (No.  2°)  by  the  space  in  feet  (No.  3®) ; 
the  product  is  the  units  of  work  done  by  the  engine  per  minute. 

5**.  Divide  the  units  of  work  (No.  4°)  by  33,000  (the  units  of  work  in  1 
horse-power) ;  the  quotient  is  the  horse-power  sought. 

*  Watt  defined  this  to  be  33,000  pounds.  Although  this  is  not  accurate,  the  number 
has  been  retained  as  an  element  in  calculating  the  horse-power  of  work. 


144 


SoTM^fwo&r^  ice. 


(?  Ex.  I.  What  is  the  hone-power  of  an  engine,  the  diameter  of  cylinder  being  5  feet, 
length  of  stroke  4  feet  3  inches,  revolutions  per  minute  23,  and  effectiye  pressure  per  square 
inch  of  the  piston  8  lbs,  ? 

Horse-power  =  ""'^^'^330^^''^^'^ 


60 
60 

3600 
'7854 

47124 

2827*44,00  area. 

8  pressure  per  square  inch. 


22619*52  pressure  in  lbs. 

8*5  twice  the  length  of  stroke. 

I I 309760 
I 80956 16 


192265*92,0 
»3 

57679776 
38453184 


33,000 


3,000)4422,116*16 
11)1474 


£seplanatum.—ThB  area  of  a  cy- 
linder 60  inches  diameter  (=r  60  X 
60  X  '7S54)  =  2S27-44  square 
inches,  and  as  there  are  8  lbs.  pres- 
sure on  each  square  inch,  there  will 
be  a  total  pressure  8  times  2827-44 
or  22619*52  lbs.  urging  the  piston. 
Now,  as  tiie  length  of  the  stroke  is 
4  feet  3  inches,  and  the  piston  tra- 
verses it  each  way  in  each  revolution, 
the  piston  will  travel  8  ft  6  in.  or 
8*5  ft.  for  each  revolution,  and 
22619*52  multiplied  by  8*5  will  give 
192265*92  as  the  numbcff  of  foot- 
pounds exerted  in  each  stroke;  or, 
as  there  are  23  strokes  each  minute, 
there  will  be  >3  times  192265*92  or 
4422116*16  foot-pounds  exerted  each 
minute.  As  an  actual  horse-power 
is  33,000  foot-pounds  per  minute,  we 
shall,  by  dividing  by  33»ooOi  S^  ^^ 
actual  horse-power  exerted  by  the 
engine  to  be  134  horse-power. 


134 


Instead  of  multiplying  by  '7854, 
and  dividing  by  33,000,  as  above, 
we  may  use  the  constant  multiplier 
'0000238,  which  is  the  quotient  of 
•7854  divided  by  33»<»o ;  and  thus 
somewhat  abbreviate  the  work. 


60  diameter  in  inches. 
60 

3600 
8    pressure  per  square  inch. 


288,00 

8*5     twice  the  leng^  of  stroke. 


1440 
2304 


2448,00*0 
23      revolutions  per  minute. 

7344 
4896 


56304,00 
'0000238    constant  multiplier. 


45043* 
168912 

I I 2608 


134*00352,00  hone-power. 


JBhrse-pawdTt  Sfc.  245 


Ex.  2.  l^hat  is  the  horse-power  of  H.M.S.S.  **Sphynx"  the  diameter  of  each  piston 
(2  in  number)  being  82^  inches,  length  of  stroke  6  feet,  revolutions  per  minute  16},  and 
the  mean  pressure  per  square  inch  on  piston  16*35  ^^^' 


Diameter  of  piston,  inches  82-5 

X  825 


»  » 


Circular  inches  in  piston        6806*25 

X  -7854 

Square  inches  in  ditto       5345*62875 
Number  of  pistons  2 

Area  of  the  two  pistons     1 0691  '2575 
Pressure  per  square  inch  16*35 

Total  pressure  on  piston  174802*06 
Velocity  of  piston,  feet  198 

33000)34610807*88 

1048*8  H.F. 

Ex.  3.  What  is  the  horse-power  of  an  engine,  the  diameter  of  cylinder  being  5  feet  1} 
inch,  length  of  stroke  3  feet  6  inches,  number  of  revolutions  per  minute  59,  and  the  pressure 
of  steam  21  lbs.  P 

5  ft.  i^  in.  :=  61*5  in. ;  twice  length  of  stroke  =13  ft.  6  in.  X  2:=7ft; 

space  in  feet  per  minute  =  7  ft.  X  59  (No.  of  revolutions)  =  413  ft. 

6i*5  X  6i*5  (=  3782*25)  X  '7854  =  *97o*579'5»o  "«*  X  ai  (=  62382*16215)  pressure  in  lbs. 

. ' .  62382*16215  X  413  (=  25763832*96795)  -f-  33000  ^  780*7  horse-power. 

EXAMPLICS   FOB  PbAOTIOB. 


No. 

Cylinder. 

Freasare. 

Stroke. 

Bey. 

No. 

Cyli 

nder. 

Freesuxe. 

stroke. 

Ber. 

I. 

5  ft.  2  in. 

15  lbs. 

4  ft.  6  in. 

26 

6. 

4  ft. 

2  in. 

12 

lbs. 

2  ft  6in. 

58 

2. 

8       7 

9 

9       0 

14 

7- 

5 

2 

10 

5       0 

16 

3- 

5       iJ 

10 

5       9 

18 

8. 

2 

6 

16 

»       3 

45 

4. 

6       6 

12 

6       6 

17 

9- 

6 

3 

9 

7       6 

i4i 

5- 

5     10 

i3i 

5       0 

28 

10. 

7 

2 

12 

6     II 

20 

ON  NOMINAL  OB  COMMERCIAL  HOESE-POWEE. 

The  horse-power  of  an  engine  found  in  the  way  described,  Bnle  0X11,  must 
not  be  confounded  with  what  is  termed  the  Nominal  or  Commercial  horse- 
power, which  is  the  work  expected  from  an  engine,  founded  on  the  assumed 
pressure  of  steam,  amounting  to  7  lbs.  per  square  inch  of  piston  surface,  and 
as  used  in  tenders  for  contracts  for  Her  Majesty's  Navy  in  London ;  while 
in  the  Clyde  it  is  7^  lbs.  Therefore,  14  horse-power  in  London  equals  15 
on  the  Clyde. 

The  following  is  the  Admiralty  equation  for  nominal  horse-power  :-^ 

I.    Nominal area  of  piston  in  in.  X  7  X  twice  the  stroke  X  No-  of  revol.  per  minnte. 

horse-power  33000 

And  supposing,  for  example,  the  diameter  of  the  cylinder  to  be  60  inches,  and  the  presanre 
7  lbs.,  the  length  of  stroke  3  feet,  and  the  revolntioiis  per  minute  to  be  50  in  number, 

the  horse-power  would  =  (60*  X  7854)  X  7  X  (a  X  3)  X  50  _  5936700  _ 

or=         2827  X  7  X       6       X  so  ■"    33000    —  '*® 


2j^6  Sbrse-power^  ifc. 


Or  thus : — 

2.    Nominal (diameter  of  cylinder  in  inches)'  X  a  (stroke)  X  revolutionB  perminnte. 

horse-power  6000 

or  =  ^-"^^^^^  =  180  aa  before. 

6000 

The  foregoing  may  be  expressed  in  words  as  follows  :— 

EULE  oxni. 

Square  the  diameter  of  the  cylinder  in  inches,  which  multiply  hy  the  speed  of  the 
piston  in  feet  per  minute^  and  divide  hy  6000;  the  quotient  is  the  power  of  the 
engine. 

Example. 

What  is  the  power  of  an  engine  of  42  inches  diameter,  3^  feet  stroke,  and  making  85 
strokes  per  minute  P 

The  speed  of  the  piston  will  be  7  (the  length  of  a  double  stroke)  X  85  =  595  feet  per 
minute. 

Now  4i2<^iii95  _  JLij^yyyifl  =  175  horae-power. 

The  mode  of  computing  nominal  horse-power,  established  among  eivU  manu£EU$taren  of 
steam  engines,  by  the  praotioe  of  lilessrs.  Boulton  and  Watt,  is  as  follows : — 

Assume  the  velocity  of  the  piston  to  be  128  feet  per  minute,  multiply  cube  root  of  length 
of  stroke  in  feet. 

Assume  the  mean  effective  pressure  to  be' 7  lbs.  on  the  square  inch ; 

Then  compute  the  horse-power  from  these  fictitious  data,  and  the  area  of  the  piston ;  that 
is  to  say. 


Nominal  horse-power  =  7X128x^1/  stroke  in  feet. 


=  ^{^  stroke  in  feet  X  area  of  piston  in  inches. 

47  nearly. 


=  *i^  stroke  in  feet  X  diameter'  in  inches 

60 

Instead  of  dividing  by  47  we  may  multiply  by  its  reciprocal  '0213. 

The  speed  of  the  piston  varies  nearly  as  the  cube  root  of  the  length  of  the 
stroke,  and  therefore  some  multiple  of  the  cube  root  of  the  stroke  may  be 
substituted  for  the  velocity  of  the  piston  in  determining  the  nominal  power, 
and  will  accomplish  some  simplification,  as  the  speed  of  the  piston  proper 
for  the  different  lengths  of  stroke  cannot  always  be  remembered.  The  rule 
for  the  nominal  power  of  condensing  engines  when  thus  arranged  will  be  as 
follows : — 

RULE  CXIV. 

Multiply  the  square  of  the  diameter  of  the  cylinder  in  inches  hy  the  cube  root  of 
the  stroke  in  feet,  and  divide  the  product  hy  47 ;  the  quotient  is  the  number  of 
nominal  horee-power  of  the  engine. 
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Example. 

Suppose  diameter  of  cylinder  48f  inches,  length  of  stroke  8  feet,  namber  of  revolutions 
16 :  required  the  nominal  horse-power  of  engine. 

48-625  X  48-625  X  V  8  _  23641390625  X  ^  ^  i78.>|;i»Q  =  ,oo-6i  horse  power. 
47  —  47 

Nominal  power,  then,  is  a  term  used  particularly  for  commercial  purposes. 
Each  maker  has  his  private  rule"*;  hence  the  difference  in  opinion  and 
dimensions  in  engines  of  the  same  class  and  power.f  Actual  horse-power  is 
defined  by  the  indicator  diagram,  speed  of  pistoui  &c. ;  the  ratio  between  the 
nominal  and  actual  horse-power  is  in  some  cases  low,  in  others  high. 
Instances  are  known  where  the  nominal  power  being  I'o,  the  actual  was  6 ; 
and  in  others,  nominal  1*0,  actual  2*123 ;  the  average  ratio  at  present  is, 
nominal  I'o,  actual  4*0  to  5*0. 

There  are  other  methods  which  scarcely  need  mention,  such  as — 

One  horse-power  =  the  evaporation  of  i  cubic  foot  of  water  per  hour  (not 
easily  ascertained  in  practice). 

The  formula  for  the  Indicated  Horse-Power  (I.H.P.)  of  an  engine:];  is 

•r  TT  p  d^  X  7854  X  P  X  twice  the  stroke  x  namber  of  rerolntiona 

•     •    *  33»ooo 

(d  =  diameter  of  cylinder,  P  =  mean  pressure  of  pistons). 
Therefore,  d^  x  "7854  X  P  X  twice  the  stroke  X  revolutions  =  33,000  X  I.H.P. 

Then  if  all  the  terms  but  one  in  the  formula  be  given,  that  one  can  be 
found  by  multiplying  33,000  by  the  given  I.H.P.,  and  dividing  the  result  by 
the  product  of  all  the  known  quantities  on  the  left  hand  side ;  the  quotient 

*  The  rule  at  present  adopted  for  nominal  horse-power  is  30  circular  inches  of  piston  per 
nominal  horse-power,  including  all  cylinders.  This  is  the  commercial  nominal  horse-power 
on  the  Clyde  and  in  the  North  of  England.  It  represents  the  horse-power  of  7  lbs.  effective 
pressure  per  square  inch,  and  a  speed  of  piston  200  feet  per  minute. 

But  on  the  Thames  the  nominal  horse-power  is  taken  at  the  same  pressure,  and  at  the 
speed  of  piston  contracted  for.  Eighteen  or  twenty  circular  inches  of  piston,  sometimes 
less,  is  then  a  nominal  horse-power. 

Mr.  McFa&lane  G&at,  in  an  article  on  <<  Nominal  Horse-power,"  in  the  Nautical 
Magazine  for  May,  1872,  proposes  to  use  as  nominal  horse-power  of  engine,  ten  circular 
inches  of  piston  area,  counting  only  the  low  pressure  pistons  in  compound  engines ;  this 
corresponds  with  300  feet  piston  speed,  and  14  lbs.  pressure  effective. 

t  The  number  of  rules  for  nominal  or  commercial  horse-power  is  almost  bewildering. 
Most  of  these  rules  have  been  collected  by  Mr.  D.  T.  Cla&ke  in  his  article  ''Steam  Engine," 
in  the  last  edition  of  EncyclopaBdia  Britannica,  vol.  20,  p.  60a. 

{  In  a  steam  engine,  the  area  of  whose  piston  is  A  square  inches,  where  the  mean  pressure 
of  steam  on  the  piston  is  P  lbs.  per  square  inch,  the  product  A  P  expresses  the  whole  pressure 
on  the  piston ;  this  multiplied  by  the  length  of  the  stroke  L  in  feet  will  give  the  amount  of 
work  done  in  one  stroke  of  the  piston,  and  this  product  multiplied  by  the  number  of  strokes 
in  one  minute  gives  PLAN  as  the  work  done  by  the  steam  in  one  minute ;  hence  the 
expression — 

PLAN 
33»ooo 

gives  an  easily  remembered  formula  for  the  H.P.  of  a  steam  engine. 
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will  be  the  unknown  (or  required)  quantity  of  the  formula.    In  the  above 
the  mean  pressure  is  the  required  term,  hence — 

Maati  nrAMmrA 33,000  X  I.H.P. 

jnean  preasure  —  <;>  x  7854  x  twioe  strike  x  iBvolutions 

whence  the  following 

EULE  OXV. 

i^    Multiply  the  Indicated  Horee-Pmoer  (LH.P.)  hy  33,000. 

2^.     SqtMre  the  diameter  of  cylinder,  multiply  hy  "]^$\y  hy  twice  the  length  of 
stroke,  hy  number  of  revolutions,  and  hy  2  (being  a  pair  of  engines). 

3°.    Divide  the  product  found  hy  No.  i^  hy  the  remit  found  hy  No.  2^;  the 
quotient  is  the  pressure  per  square  inch  of  piston  in  Ihs, 


Examples. 


Ex.  I.  The  indicated  power  of  a  pair  of  engines  is  said  to  be  1900  horse-power,  the 
cylinders  are  each  63}  inches  diameter,  the  length  of  stroke  is  36  inches,  and  the  nnmber  of 
revolutions  per  minute  is  74 :  what  is  the  average  effective  pressure  per  square  inch  on  the 
piston  F 

Pressure  per  square  inch  =  -j-^-^^^-ii?^  >UJ°«> 


63*75  diameter  of  cylinder. 
6375 


31875 
44625 
19125 

38250 


Indicated  H.P.  1900 

33000 

5700000 
5700 


62700000 


4064*0625  dia.* 
•7854 


162562500 
20)203125 
325125000 
284484375 


2834420*24250)62700000*0000(22*12  lbs.  per  sq.  in.  of  piston 
56688404850 


3191*91468750 

6  twice  stroke  in  feet. 


19151*488125,00 

74  revolutions. 

76605952500 
I 3406041 6875 


60115951500 
56688404850 

34275466500 
28344202425 

59312640750 
56688404850 

2624235900 


1417210*12125 

2 

2834420*24250 


Ex.  2.  The  indicated  power  of  a  pair  of  engines  is  said  to  be  2288  horse-power,  the 
cylinders  are  each  76  inches  diameter,  the  length  of  stroke  is  42  inches,  and  the  number  of 
revolutions  per  minute  is  51 :  what  is  the  average  effective  pressure  per  square  inch  on  the 
piston? 

Pressure  per  square  inch  =  ,6^  x  i^l^^-lv^)  x  5x  x  a 
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2288  X  33000  =  75504000 

76  X  76  (=  5776)  X  -7854  (=  4536-5704)  X  7  X  5^  (=1619519-9328)  X  2  =  3239039-8658 

. ' .  75504000  -7-  3239039*8658  :=  23*31  lbs.  pressure  per  square  inch  of  piston. 


QUESTIONS  RELATING  TO  PRESSURES- 
SAFETY-VALVES,  &c. 


GKyen  the  pressure  per  square  inch  on  the  piston,  and  the  height  of  the 
barometer  on  the  condenser,  to  find  the  effective  pressure. 

RULE  OXVI .♦ 

1°.  Divide  the  inches  of  mercury^  as  indicated  hy  the  barometer  on  the  condenser, 
hy  2. 

2^'  To  this  add  the  pressure  of  steam  on  the  piston ;  the  sum  is  the  effectiYe 
pressure  per  square  inch  on  the  piston. 

Were  the  barometer  on  the  condenser  to  stand  at  30  inches,  a  perfebt 
vacuum  would  exist ;  but  there  never  is  a  perfect  vacuum.  The  vapour  and 
air  in  the  condenser  has  a  power,  shown  by  the  fall  of  the  mercury,  which 
acts  as  an  opposing  force  to  the  pressure  of  the  steam  on  the  piston. 

Examples. 

Ex.  I.  If  the  pressure  of  steam  on  the  piston  is  19}  lbs.  per  square  inch,  and  the 
barometer  on  the  condenser  shows  27  inches  of  mercury :  required  the  effective  pressure 
on  the  piston. 

2  inches  of  mercury  =  i  lb.  pressure. 

. ' .  27  inches  of  mercury  =:       13^  lbs.  preesure. 
Pressure  on  piston     =4-191  lbs. 

Total  pressure  =      33   lbs.  per  square  inch. 

Ex.  2.  The  pressure  of  steam  on  the  piston  is  18  lbs.  per  square  inch  above  the  atmo- 
sphere, and  the  barometer  on  the  condenser  shows  27*8  inches  of  mercury :  required  the 
effective  pressure  per  square  inch  on  the  piston. 

2  inches  of  mercury  =  i  lb.  preesure. 

. ' .  27*8  inches  of  mercury  =       13*9  lbs.  pressure. 
Pressure  on  piston        =:  4-  iS    lbs. 

Total  pressure  =      31*9  lbs.  pressure. 

*  Atmospheric  Pressure. — A  vacuum  is  a  perfectly  void  space.  Among  engineers  the  term 
is  more  properly  ** partial"  vacuum,  for  a  ''perfect"  vacuum  can  scarcely  exist  on  the 
surface  of  our  earth.  If  it  were  possible  to  erect  a  tube  (having  a  sectioxial  area  of  one 
square  inch,  upon  any  part  of  the  earth,  supposing  this  tube  to  be  long  enough  to  reach  up 
through  the  thickness  of  the  atmosphere  (which  is  said  to  be  about  forty-five  or  fifty  miles), 
the  air  contained  in  such  tube  would,  in  round  numbers,  weigh  about  14}  lbs.  I^  further, 
we  take  a  tube  of  the  same  diameter,  and  put  water  in  it  to  the  weight  of  14}  lbs.,  the  level 
of  the  water  in  the  tube  (if  standing  upright)  would  be  about  34  feet  aboye  the  bottom  of 
the  tube.  If,  again,  we  take  a  similar  tube,  i4j-  lbs.  of  mercury  would  fiU  it  up  to  about 
30  inches.  The  accuracy  of  these  numbers  womd  be  affected  by  temperature,  &c. ;  there- 
fere,  for  practical  purposes,  we  assume  atmospheric  pressure  to  be  15  lbs.  upon  every  squaie 
inch,  so  thu!  /fveri/  pound  of  pressure  equals  tufo  inehes  of  mercury. 
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FjXAMPLUS 

FOB 

Paaotiob. 

Pressure 

Pressure 

No. 

on  pistoQ. 

Barometer. 

No. 

OQ  piston. 

Barometer. 

X. 

20  lbs. 

28' 6  inches. 

3- 

25  lbs. 

25-0 

inches. 

a. 

19    »» 

»90      »» 

4- 

17    u 

26*0 

>i 

264.  Every  boiler  is  tested  to  bear  a  certain  amount  of  pressure  per  square 
inch  of  internal  surface,  but  only  a  portion  of  this  pressure  is  allowed  in 
practice.  To  prevent  explosions  from  the  too  great  pressure  in  the  boilers, 
an  apparatus  is  attached  to  the  steam  chest,  which  consists  in  principle  of  an 
escape  tube,  which  is  loaded  with  a  weight  heavy  enough  to  confine  steam 
and  prevent  its  waste,  but  not  heavy  enough  to  allow  a  dangerous  quantity 
of  steam  to  accumulate  in  the  boiler.  This  apparatus  is  therefore  called 
a  "safety-valve,"  and  is  by  law  inaccessible  to  the  engine  driver,  who, 
however,  has  the  control  over  another  safety-valve  (there  are  frequently 
more  than  one)  for  the  purpose  of  letting  out  surplus  steam,  &c. 

The  weight  which  closes  the  valve  is  usually  kept  in  its  place  by  a  lever 
of  the  third  kind."*    The  following  figure  is  given  in  illustration. 


FA  is  a  graduated  lever  of  the  third  kind,  turning  upon  F  as  centre  or  fulcrum ;  V  is  the 
yalve,  opening  or  closing,  as  the  case  may  be,  the  communication  of  the  steam  in  the  boiler 
with  the  external  air ;  the  lever  FA  rests  upon  a  pin  of  this  valve,  and  a  sliding  weight 
(W)  is  suspended  from  the  lever,  thereby  enabling  the  engine-  man  to  place  any  amount  of 
pressure  on  the  valve — this  pressure  measures  the  elasticity  of  the  steam  when  it  begins  to 
escape. 

The  fundamental  theorem  of  the  calculation  of  the  lever  is  ''that  to  produce  equilibrium 
the  moment  of  power  equals  the  moment  of  weight.'*  The  word  moment  being  an  expres- 
sion for  an  amount  which  is  the  product  of  the  mass  and  veloeity  ;  the ''  velocities  "  being  in 
such  oases  represented  by  the  lengths  of  arcs,  described  by  the  ends  of  the  arms  of  the  lever 
(as  moving  on  its  fulcrum)  in  the  same  period  of  time.  Or,  in  other  words : — The  units  of 
weight  in  the  power  Y,  multipliei  by  the  units  of  its  distance  from  the  fulcrum  F,  will  be 
equal  to  the  units  of  weight  in  W  multiplied  by  the  units  of  distance  from  fulcrum  F. 

W  X  FW  =  V  X  FV ; 
•     w-VXFV 
•   • FW~ 

Hence, 

To  find  the  weight  to  be  placed  at  the  end  of  a  safety-valve  lever  to  be 
equal  to  a  given  number  of  pounds  pressure  per  square  inch  on  the  valve, 

*  Levers  are  of  three  kinds : — The  first  kind  have  the  fulcrum  between  the  power  and 
the  weight.  The  second  kind  have  the  weight  between  the  power  and  the  fulcrum.  The 
third  kind  have  the  power  between  the  weight  and  the  fulcrum.  Or,  in  other  words : — The 
first  kind  have  thd  fulcrum  in  the  middle.  The  second  kind  have  the  weight  in  the  middle. 
The  third  kind  have  the  power  in  the  middle. 
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having  given  the  diameter  of  valve,  the  distance  from  fulomm  to  valvei  and 
from  valve  to  weight ;  also  the  effective  weight  of  lever*  and  weight  of  valve 
are  g^ven. 

RULE  cxvn. 

i^.  Multiply  the  square  of  the  diameter  of  the  vake  by  '7854;  the  product 
will  be  the  area  of  valve  (see  Eule  LXXVl,  page  184). 

2°.  Multiply  the  area  of  valve  by  the  pretsure  per  square  ineh ;  the  product 
is  the  pressure  on  valve,  or  upward  pressure. 

3^.  From  the  product  or  upward  pressure  (No.  2°)  subtract  the  sum  of  the 
weights  of  the  lever  and  the  valve  or  pressure  downwards  ;  the  remainder  is  the 
effective  pressure  on  the  valve  (Y  of  the  formula). 

4^.     Multiply  this  remainder  (No.  3^)  by  the  distance  ^^ftvm  the  fulcrum  to  the 

valve  ^'  (FV),  and  divide  by  the  dintanee  ^^from  the  fulcrum  to  the  weight "  (FW) 

found  by  adding  ''  the  distance  from  the  fulcrum  to  the  valve  ^^  to  that  ^'frorn  the 

valve  to  the  weight ;  "  the  quotient  is  the  weight  required. 

Note. — The  distance  from  the  fulcrum  to  the  weight  w  obtained  by  adding  the  distance 
'*  from  the  fulcrum  to  the  valve  "  to  that  "  from  the  valve  to  the  weight." 

Examples. 

Ex.  I.    Required  the  weight  to  be  placed  on  the  end  of  a  safety-valve  lever  to  be  equal 

to  25  lbs.  per  square  inch  on  the  valve,  the  diameter  of  the  valve  being  3I  inches,  and  the 

distance  from  the  fulcrum  to  the  valve  4  inches,  and  from  the  valve  to  the  weight  25  inches, 

the  effective  weight  of  lever  24  lbs.  8  ozs.,  and  the  weight  of  the  valve  3  lbs.  6  oas.  (see 

figure,  page  250). 

Diameter  of  valve  3 J  in.  =  3*875. 

Weight  of  lever  24  lbs.  8  ozs.  -f  weight  of  valve  3  lbs.  6  ozs.  =  27*875. 

Downward  pressure  :=  weight  of  lever  24  lbs.  8  ozs.,  and  of  valve  3  lbs.  6  ozs.  =  27  lbs. 
14  ozs.,  or  27J  lbs.,  which  is  i7'875  lbs.  (see  Rule  L,  page  no). 

3*875'  X  "7854  X  25=294-83  upward  pressure        Leverage  of  weight  FW  =  4  inch  -|- 


3-875 


25  in.  =  29  in. ;  other  FK,  4  in. 


3875  .  • .  weight  =  '^•»3-»7'S7^X4  ^  ^.g^^  j^ 

19375  Pressure  on  valve  294*83 

27 1  »5  Weight  of  lever  &  valve  —  27  -875 

31000  

1 1 6  25  Effective  press,  on  valve,  V  266*955 

Distance  from  F  to  V  4 


150156,25  =  <<- 

•7  854  29)  io67*82o(36*8ai  lbs. 

87 


600624 

750780  197 

I 201 248  174 

1051092 


238 
11*7932,5224  area  of  valve.  232 

25  lbs.  pressure.  

62 

589660  •  58 

235864  — 


40 

294*8300  upward  pressure  on  valve.  29 


*  The  effective  weight  uf  lever  means  its  effect  at  the  valve. 
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Ex.  2.  Required  the  weight  to  be  placed  on  the  end  of  a  safety-valve  lever  to  be  equal 
to  12  lbs.  per  square  inch  on  the  valve,  the  diameter  of  the  valve  being  5  inches,  and  the 
distance  from  the  fulcrum  to  the  valve  5  inches,  and  from  the  valve  to  the  weight  26  inches, 
the  effective  weight  of  the  lever  being  6  lbs.,  and  the  weight  of  the  valve  6  lbs. 

Upward  pressure  =12  X  5'  X  "7854  =:  235*620. 

Downward  pressure  ^  weight  of  lever  6  lbs.,  and  of  valve  6  lbs. 

FW  =  5  4-  26  =:  31  inches,  others  =  5  inches. 


•      • 

TT  CUl^JLlll  «^ 

31 

-         3X         -^" 

\j  1  lA^Mb&Ajr. 

EXAMFLBS  FOB 

PRACmOB. 

No. 

Pressure. 

Diameter 
of  valve. 

Fulonun 
to  valve. 

Valve 
to  weight. 

Weight 
of lever. 

Weight 
of  valve. 

I. 

18  lbs. 

4*6  inch 

6  inch 

12  inch 

63  lbs. 

lolbs. 

2. 

»5  »> 

3t    „ 

3    » 

26    „ 

»3}  »» 

3» 

3- 

»3  »» 

4           M 

»i» 

16}  „ 

9    >f 

3 

4. 

18  „ 

"      M 

3i  »> 

i7i  » 

6*,, 

4 

5- 

37  »> 

i3i    ,» 

ai  » 

25J  » 

i7f  i> 

6 

6. 

26  „ 

5      »» 

si  ., 

20J  „ 

60    „ 

9 

7. 

17  M 

4-8   „ 

5    w 

17    i> 

77    ». 

10 

8. 

29  »» 

6i    „ 

»t» 

»li  n 

8    » 

7i 

9- 

42  1, 

"i    ,, 

3i   n 

i6i„ 

10    „ 

4i 

10. 

19  i> 

5J    » 

3    » 

i3t  1, 

lOj  II 

6 

265.  To  find  the  weight  to  be  placed  on  a  double-beat  yalve  to  be  equal 
to  a  given  number  of  pounds  pressure,  having  the  diameters  of  the  valve 
given. 

RULE  oxvin. 

1°.     Find  the  square  of  each  diameter  and  take  the  differ enee. 

2°.  Multiply  this  difference  (No.  1°)  3y  '7854  and  by  the  pressure  per  square 
inch ;  the  result  is  the  required  weight  to  be  placed  on  the  valve. 

Otherwise : — 

Because  the  difference  of  the  square  of  two  numbers  is  equal  to  the  product 
of  their  sum  and  difference,  we  have  the  following 

EULE  OXIX. 

1^.  Multiply  the  sum  of  the  diameter  by  their  difference ;  the  product  is 
equal  to  the  difference  of  the  squares  of  the  diameters. 

2^  Multiply  this  product  (No.  i^)  3y  -7894  and  by  the  pressure  per  square 
inch;  the  result  is  the  weight  required  to  be  placed  on  the  valve. 

E2LAJCPLB8. 

Ex.  I.  Heqnired  the  weight  to  be  placed  on  a  doable-beat  yalve  to  be  equal  to  32  Ibe. 
per  square  inch,  the  diameter  of  the  valve  being  8  and  6  inches. 

(0.  (*). 

Weight  =  (8«  -  6«)  X  -7854  X  3*  Weight  =  (8  +  6)  X  (8  —  6)  X  7854  X  a8 

=  (64  —  36)  X  -7854  X  3»  »       =  H  X  2  X  -7854  X  28 

r=       28        X  7854  X  3a  »      =  a8  X  -7854  X  a8 
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•7854  8  +  6  =  14 

28  8— 6=   a 


62832  28 

15708  — 

•7854 


21*9912  28 

32  lbs.  preesure.  

62832 

43982.  15708 

6597  3<> 


21*9912 


No. 

Diameters, 

Fieasore. 

I. 

9  and  10 

inches 

20  lbs. 

a. 

13J  >»   " 

»i 

25    »> 

3- 

9    »»     6 

»i 

20   „ 

4. 

8    „     7 

9t 

26   „ 

Diameten. 

Presnire. 

6  and  4  inohes 

24  lbs. 

"    >i  9}    >» 

35 

i3i»»"*    »» 

36 

6   >»55    » 

H 

703*7 1 84  lbs.  32  lbs.  preBsure. 

439824 
65973^ 

703*7184  lbs. 

Ex.  2.    Required  the  weight  to  be  placed  on  a  doable-beat  yalve  to  be  equal  to  26  lbs. 
per  square  inch,  the  diameters  of  the  valve  being  i2|  and  9^. 

Weight  =  (i2*5«  ~  925")  X  -7854  X  26. 

„      =  156*25  —  855625  =  70*6875  X  -7854  (=  55*5 179^25)  X  26  =  i44'3468  lbs. 

EtamptiTcb  fob  FRACmOB. 

No. 

5- 
6. 

7. 
8. 

266.  A  safety-yalye  is  loaded  to  a  certain  pressuTe ;  it  is  required  to  find 
a  new  weight  so  as  to  reduce  the  pressure  to  a  certain  amount. 

BULE  OXX. 

Say  as  the  old  pressure  :  new  pressure  i :  old  weight  :  new  weight. 

If  the  question  be  ''  How  much  would  be  required  to  be  taken  off?  " 

BULE  OXXI. 

As  old  pressure  :  difference  of  pressure  : :  old  weight  :  weight  to  he  taken  off; 
or  subtract  answer f  found  hy  Bule  OXX,  from  old  presmre. 

Example. 

A  safety-valve  is  loaded  to  36  lbs.  per  square  inch  by  a  direct  weight  of  750  lbs. :  how 
maoh  woold  be  required  to  reduce  the  pressure  to  24  lbs.  per  square  inch  P 

Old  preasore.       New  pntsore.  Old  weight. 

12)        36         :  24  ::         750 

3  2 

^.  =  75^. 

750 

2 

3)«50o 

500  lbs.  =  new  weight. 

Explanation, — ^The  first  and  second  terms  are  each  divisible  by  12 ;  whence  we  have  3  as 
the  first  term  and  2  as  the  second ;  then  the  second  (2)  and  third  (750)  terms  are  multiplied 
together,  and  we  divide  by  the  first  (3) ;  tdienoe  the  answer  500  lbs. 
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If  it  were  required  to  know  "  How  much  should  be  taken  off  ?"  we  have  only  to  subtract 
the  new  weight  (500  lbs.)  from  tho  old  weight  (750  lbs.) ;  thus  :— 

Old  weight  =  750  lbs. 
New  weight  =  500  „ 

Weight  to  be  taken  off  =  250  „ 

Examples  fob  Praottoe. 

In  the  first  six  following  examples  the  total  new  weight  is  required ;   in  the  remaining 


four  the  amount  to  be  taken  off. 

Wo.    0.  pressure. 

N.  pressure.       ' 

Old  weight. 

No. 

0.  pressure. 

N.  pressure. 

Old  weight. 

I.        40  lbs. 

32  lbs. 

450  lbs. 

6. 

38  lbs. 

34  Ihs. 

368  lbs. 

2.         36    „ 

n    i> 

980     » 

7- 

17     y. 

»4    >» 

775    » 

3.        38     ,. 

»5    i» 

724     n 

8. 

»4    >i 

20    „ 

666    ,, 

4-        47     » 

39    »» 

964     „ 

9- 

^5     u 

15     »» 

425    » 

5-        30    „ 

20    „ 

750     ,, 

10. 

29    »» 

24    >i 

298    „ 

267.  Given  the  diameter  of  a  safety-valve,  to  find  what  height  it  must  be 
raised  to  allow  a  free  escape  of  steam  equal  to  the  area  of  valve. 

The  valve  when  close  forms  a  circle.  If  we  suppose  the  valve  to  be 
gradually  raised  to  the  required  height,  during  the  process  it  will  have 
formed  an  infinite  number  of  circles,  one  piled  on  another,  and  forming  a 
cylinder  of  the  same  height  and  dimensions  as  the  valve ;  consequently,  the 
area  of  this  cylinder  is  equal  to  the  area  of  the  valve. 

The  area  of  a  cylinder  is  found  by  multiplying  the  height  by  the  circum- 
ference (Eule  XOI,  page  193). 

But  since  the  area  of  cylinder  =  area  of  valve 
.  * .  height  X  circumference  =  area  of  valve 

-.-.-,       area  of  valve 

and  .   .  heicrht  =  -^ 5- 

^  circumference 

But,  area  of  valve  =  square  of  diameter  x  7854  (Bule  LXXVI,  page 

184),  and  circumference  =  diameter  x  3* '416  (Rule  LXXIV,  page  183). 

•    height  -  ^'  ^  "^^^^  ^  rf  X  rf  X  7854  _  d 
.   .  neignt  -  ^  ^  ^.^^^^  _  ^  ^  .^3^^  X  4  ""  4 

Hence 

RULE  cxxn. 

i^  Find  the  area  of  valve  (Rule  LXXYI),  also  the  etrcumference  (Rule 
LXXIY),  and  divide  the  former  hy  the  latter  ;  the  quotient  is  the  height  required. 

Or  f2^Jf  divide  the  diameter  of  the  vahe  hy  4 ;  the  quotient  is  the  height 
which  the  valve  must  be  raised. 

Examples. 

Ex.  I.  To  what  height  must  a  safety-valye  6\  inches  diameter  be  raised  to  allow  a  free 
escape  of  steam  eqaal  to  the  area  of  the  valve  P 

('*•)  Height  = ^ =  ^-5-^  ^•5->^-7|54  -  fijs  _.  ,.g 

ft   "       arcumference       6*5  x  4  x  '7854        4  ^ 

Explanation. — We  cancel  the  quantities  that  occur  above  and  below  the  line,  viz.,  S*$ 
above  and  6*5  below :  also  '7854  above  and  '7854  below,  which  leaves  6*5  above  and  4  below 
the  line;  then  65  divided  by  gives  1*625  inches. 

(«**)  4)6-5 

1*625  inches.    Ant. 
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Ex.  2.    What  height  should  a  safety-Talve  be  lifted,  of  3}  inches  diameter,  to  eqnal  the 

area  of  the  valve  P 

3}  inches  =  3-75 

4)3*75 


•9375 

EXAMPLES 

FOB   PKACfTIOE. 

No. 

Diameter. 

No. 

Diameter. 

No. 

Diameter. 

I. 

6\  inches 

4. 

6*8  inches 

7. 

5  A  inches 

2. 

4l     » 

5- 

8*4     i> 

8. 

4f       » 

3- 

6|      „ 

6. 

7-6      „ 

9- 

8f       t> 

Examples. 

Ex.  I.  For  steam  above  12  lbs.  pressure  above  the  atmosphere,  the  weight  of  steam  that 
will  escape  into  the  atmosphere  through  an  orifice  one  square  inch  in  area  is  70  seconds, 
just  equal  to  the  pounds  in  the  gross  pressure  of  the  steam  per  square  inch.  To  what  breadth 
of  opening  must  a  9  inch  wide  safety-valve  rise  to  allow  the  escape  of  1 2500  pounds  of  steam 
per  hour,  the  pressure  carried  being  70  lbs.  per  square  inch  ? 

Gkiuge  pressure  70  lbs. 

Atmospheric  pressure      15    „ 

Gross  pressure  85    „ 

To  find  the  escape  in  one  hour  (3600*)  per  aq.  in.  To  find  the  inches  of  escape. 

70*  :  3600"  : :  85  lbs.  (70  +  15)  :  x  4371  lbs.  :  12500  lbs.  : :  i  in.  :  a; 

3600  I 


51000  437»*4)»250o'o(2'8595  nearly. 
^SS  87428 

7,0)30600,0  375720 
349712 


437 ''4 


260080 
218570 

415100 
393426 


216740 
Gircumference  of  valve  =  diameter  9'  X  3*1416  =  28 '2744. 

28*2744)2'85950o('ioi  lift  of  safety-valve.  Bring  this  to  8th8. 

282744  *ioi 

8 

320600  -— 
282744  o'8o8 
Ans. :  Lift  of  safety-valve  'loi,  or  iV  of  an  inch. 

Ex.  2.  For  steam  above  12  lbs.  pressure  above  the  atmosphere,  the  weight  of  steam  that 
will  escape  into  the  atmosphere  through  an  orifico  one  square  inch  in  area  is  70  seconds, 
just  equal  to  the  pounds  in  the  gross  pressure  of  the  steam  per  square  inch.  To  what  breadth 
of  opening  must  a  6J  inch  wide  safety-valve  rise  to  allow  the  escape  of  1 1400  pounds  of  steam 
per  hour,  the  pressure  carried  being  75  lbs.  per  square  inch  P 

Gauge  pressure  75  lbs. 

Atmospheric  pressure      15    „ 

Gross  pressure  90   „ 
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To  find  the  escape  in  one  honr  per  sq.  inch. 

To  find  the  inches  of  escape. 

70*  :  36oo«  : :  90  lbs. 

(75  X  15)                 4628-6  lbs.  : 

1 1400  lbs.  : :  I  in. 

90 

I 

7,0)32400,0 

4628-6) 

1 1400-0(2-463  nearly. 
9*57  » 

4628-58 

214280 
I 85 144 

Dia.  of  valve  6^  x  3*1416 

10-4204)  2*4630o(- 1 206 

1 

6i 

204204 

291360 
277716 

188496 

420960 

15708 

408408 

136440 
9*57* 

Gircomferenoe  =:  20*4204 

1255200 

1225224 

43868 

Ana, 


Lift  of  safety-valve  *i2o6,  or  (  of  an  inoh  nearly. 
EXAMPLBS   FOtt  P&AOTIOB. 


-Width  of 

No. 

Safety-valve. 

I. 

9  inches. 

a. 

8     „ 

3- 

6      „ 

4* 

8i    „ 

5. 

9\     M 

6. 

6i    „ 

Escape  of  steam        Press,  carried 
per  hour.               per  sq.  inch. 

24,000  lbs.                70  lbs. 
19,000    „                  6s    „ 

An*. :  Lift  of 
safety-valve. 

-194  inch,  or  \  inch  nearly. 
•183    ,.         ^    „        „ 

io»50o    >f                 70    » 
20,000    „                 60    „ 

•"7    1, 
•194    ., 

18,900    „                 70   „ 
9,600    „                 60    „ 

•H5    » 
•122    „ 

ExAMFT.Kfl. 

Working  load  6$  lbs. 
Extra  13 

Total  load        78  lbs. 


Ex.  I.  If  the  oompreesion  of  a  spring  that  loads  a  safety-valve  be  i}  inch,  the  pressure 
to  which  the  valve  is  loaded  being  65  lbs.  per  sqoare  inoh,  what  will  be  the  load  per  square 
inoh  on  the  valve  when  it  has  lifted  to  give  an  area  of  escape  equal  to  one-sixth  of  the  area 
of  the  valve  P    The  face  of  the  valve  is  flat.    Valve  6  inches  diameter. 

A  valve  will  lift  one-fourth  of  its  diameter  to  give  an  escape  of  steam  equal  to  the  area  of 
the  valve. 

Dia.  of  valve  f  =:  1*25  1*25  in. :  -25  in. ::  65  lbs. 

Area  ^/  ==  -25  

3*5 
4)6*00  diameter  of  valve.  130 

6)  I  *5o  lift  for  escape  =  area  of  valve.        i  -25)  1 6-25  ( 1 3  lbs. 

125 

*25  lift  for  escape  z=  i  area  of  valve.  

375 
375 

Ex.  2.  If  the  compression  of  a  spring  that  loads  a  spring  valve  be  3  inches,  the  pressure 
to  which  a  valve  is  loaded  being  70  lbs.  per  square  inch,  what  will  be  the  load  per  square 
inch  on  the  valve  when  it  has  lifted  to  give  an  area  of  escape  equal  to  one-sixth  of  the  area 
of  the  valve  ?    The  face  of  the  valve  is  flat.    Yalve  3^  inches  diameter. 

Dia.  of  valve  ^'^  =  -875 


Area  '^  =  -146 

4)3-5     diameter  of  valve. 


3  in. :  -146  in.  ::  70  lbs.        Working  load  70  lbs. 

70  Extra  3*407  lbs. 


3)10*220 


Load  on  valve  73*407  lbs. 


6)0-875  lift  for  escape  =  area  of  valve. 
-146  lift  for  escape  =  t^  area  of  valve. 


3*407 
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EXAMPLBS    FOB   PbACTICB. 

No. 

Compre^ssion  of  spring 
that  loads  safety-valye. 
inches. 

Press,  per  square         Diameter  of 
inch  on  yalve.                 valve, 
lbs.                          inches. 

An*. :  Loodpersa.  in.  equal 
to  x-6th  area  or  valye. 
lbs. 

I. 

•i 

65                           4i 

73-ia5 

a. 

a 

«o                         s 

66-299 

3- 

>i 

70                          6 

77778 

4. 

li 

75                          6J 

88-541 

268.  When  a  safety-valve  has  the  area  required  by  the  Board  of  Trade, 
and  is  spring  loaded,  the  increase  of  pressure  due  to  the  inoreased  oom- 
pression  of  the  spring  in  blowing  off  steam  is,  with  bright  fires  and  engine 
stopped,  about  equal  to  the  quotient  found  by  dividing  the  diameter  of  the 
valve  by  its  original  compression. 

Queation. — The  spring  has  5  inches  oompressiony  there  are  70  square  feefe  of  fire-grate  to 
one  valve,  the  loaded  pressure  is  70  lbs.,  the  increase,  irrespective  of  the  spring,  would  be, 
say  ID  per  cent. :  to  what  pressure  would  the  steam  rise,  including  the  eflfoot  of  the  spring  ? 
The  first  step  here  is  to  find  the  diameter  of  the  valve. 
Its  area  is  found  by  dividing  the  70  square  foot  of  fire-grate  by  a.    Thus — 

Area  =  70  -r  a  =  35  square  feet 
Then  •  35  -i.  -7854  =  xT^j^^^S^rjg  =  ^'^1S  inches,  the  diameter  of  valve. 
Kezt,  dividing  diameter  of  valve  by  original  pressure  of  the  spring,  we  have— 

5)6*675 


1-335  =  extra  pressure  due  to  spring. 
70        =  original  pressure. 
7        =10  per  cent. 


1^  =    7        =10  per  cent 

Am. :  78-335  lbs.  7^*335  =  total  pressure. 

Ex.  I.  A  safety-valve  6'  diameter  has  a  spiral  spring  {^  thickness  of  steel,  what  is  the 
pressure  per  square  inch  ? 

Rule,  §^^1!     Where  S  is  the  thickness  of  steel,  and 

d  =  diameter  of  spring  from  centre  of  steel  to  centre  of  steel. 

(5  -  i)  =  4*  "■        4-"5.  4"5  "99  »4. 

•875  X  '875  (=  •7656*5)  X  -875  (=  -669921875)  X  8000  =5359-375  -1-  4-115  =  1299-24. 

Area  of  valve  =  6*  X  '7854  =  28-2744. 
.  * .  1299-24  -T-  28*2744  =  45*95  lbs.  per  square  inch. 

Ex.  2.  The  topmast  of  a  ship  is  80  feet  above  the  level  of  the  sea  when  the  steamer  is 
upright,  but  when  heeling  over  it  is  72  feet  above  the  sea  level.  The  valve  is  5  inches 
diameter,  and  is  loaded  with  a  direct  weight  of  600  lbs. :  what  will  she  blow-o£f  at  when 
heeUng  over  to  this  angle  P 

Pressure  on  valve  when  upright  =  ,  ^  ^ 

Dia.  5  -7854  i9'635)6oo-oo(3o*55 

5  »5  58905 


1^  =  25  39270  109500 

15708  98175 


19-6350  ii3a50 

Feet.       Feet.  lbs. 

Then  80    :    72    : :    30-55    :    af 

10         9         9 

27*495  lbs.  Afu, 


LL 
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Ex.  3.    A  waste  steam-pipe  of  a  spring  loaded  safety-valTe  is  23}  feet  high,  what  extra 
pressore  per  square  inch  is  on  the  valve  when  the  pipe  gets  filled  with  water  P 

13}  =  23-75  feet, . ' .  IhH  =  io"30  1^»- 
NoTB.— 2*305  =:  I  Ih.  pressure. 

2'305)»3*75(«o'30  Ihs. 
^305 

7000 
^'5 


850 
Ex.  4.    A  6-indh  safety-valve  is  fitted  to  a  boiler,  how  many  square  feet  of  grate  snrfiuse 
will  there  be  at  j^  a  square  inch  of  valve  sur&ce  to  i  square  foot  of  grate  surfStoe  P 

Area  of  valve  ^  6'  X  '7854  =  28*2744. 
I  square  inch  of  valve  surface  to  i  square  foot  of  grate  surfiuM  =  a  square  feet  of  grate 

surfiice  for  i  square  inch  of  valve  sur&ce. 
• ' .  28*2744  inches  of  valve  surfiice  X  2  =  56*5488  square  feet  of  grate  surface. 
Ex.  5.    A  safety-valve  6  inches  in  diameter  is  loaded  by  dead  weights  consisting  of  three 
72  and  four  65  lbs.  weights ;  the  weight  of  the  spindle  is  1 8  lbs.,  and  the  valve  10  lbs. :  find 
the  eflfeotive  pressure  per  square  inch  on  valve. 

72  X  3  =  ai6  lbs.  Dia.  6  '7854  28*2744)504*000(17*82  lbs. 


6c  X  4  =  a6o  „                          6                   36  a8a744 
Weight  of  valve        10  „ 

Weight  of  spindle      18  „                      36            47124  2212560 

—                                       23562  1979208 

Total  weight    504  

28*2744  &c. 

Ex.  6.    A  safety-valve  4}  inches  diameter  is  loaded  by  a  dead  weight  consisting  of  eight 

56  lbs.,  and  six  90  lbs.  weights,  the  weight  of  the  spindle  is  24  lbs.,  and  the  valve  12  lbs. : 

find  the  effective  pressure  per  square  inch  on  the  valve. 

Total  weight  =  (56  X  8}  +  (90  X  6}  +  24  -{-  12  =  448  +  540  +  24  -f  12  =1 1014  lbs. 

Area  of  valve  =  4*75*  X   7854  =  ^^'S^^S  X  -7854  =  »7*7»05875- 
.  * .  effective  pressure  per  square  inch  =  1024  -f- 17*7206  =  57*7  lbs.  An; 

Ex.  7.  A  safety-valve  6  inches  diameter  is  weighted  by  6  cast  iron  weights,  each  i} 
inches  thick  and  11  inches  diameter,  and  7  weights  each  2  inches  thick  and  12  inches 
diametor :  what  is  the  pressure  per  square  inch  on  the  valve  P 

Short  Bule.    d*  X  h:=s  ^tb^bb  the  weight  in  lbs.,  and  this  will  allow  for  the  holes  in  the 

weights. 

'7854  if=:ii  J=:  12  2016 

if  *  =  36  II  12  907*50 


47124                     d^  =  121 
23562                                     ij>= 

28*2744  =  area  of  valve.    121 

thickness. 

=  144 

2  —  thickness. 

288 

5)2923*50 
584-7 

ZO'is 

:7 

6 

2016 

907*50 

28*2744)584*7000(20*6  lbs.  Am, 
565488 

1921200 
1696464 

224736 


Questums  relating  to  Pressures — Safeiff-vahes^  ^c.  ifg 


FiXAMPTiKB   FOK   PjlAOXIGB. 

Diameter  of  Weight  of    Weiffht  of  Am.:  Eff.  press,  per  tq. 

No.     eafety-Talye.  Weights  spindle,         valTe.  in.  on  vmlTO. 

I.        7  inches.        Fifteen  72  and  three  45  lbs.        21  lbs.        12  lbs.         32*43  lbs. 

a.        5     „  Four     72  and  seven  90  „  16  „  10  „  47'^  » 

3.        si   u  Three    80  and  eight  90  „  18  „  14  „  41-75   „ 

Ex.  8.    A  safety-valve  is  si"  diameter,  its  bearing  fiice  is  quite  flat :  what  is  the  lift  when 
the  opening  is  i  of  the  area  of  valve  ? 

In  Rule  OXXn  it  is  shown  that  the  height  a  safety-valve  mnst  be  raised  to  allow  an 
escape  of  steam  eqnal  to  the  area  of  valve  may  be  found  thus  :— 

Heiirht mw>  of  ▼&!▼« 

^  drcumferenoe 

•    Height  —  4^1iL:zg54  _  $a5«  X  7854 ,,  ax-AjLLmLA --;  ,.^,^, 
.  .  ueignt  —  j^  X  31416  ""  S'^S  X  3*1416      ^tranwr-  —  1  3i»5 

Or  since  5'»5'  X  *7854  ==  \\\  X  S'^S  X  'TH^  _  ^.„  _ 

Or,  since  ^.^^^^.^^^^-        l^.jj^  X  nW       "    *^-'3"^' 

4 
. ' .  i'3125  -r  9  :=  '1458,  the  lift  when  the  opening  is  i  of  the  area  of  valve* 

Ex.  9.    What  boiler  pressure  should  be  allowed  for  a  shaft  14  inches  diametear;  the 
diameter  of  cylinder  57  inches,  and  length  of  stroke  36  inches  P 

SmU,  -q a88orf«  where  B  =  boiler  pressure 

Dx  8  d  :=,  diameter  of  shaft. 

D  =  „       cylinder. 

8  :=  length  of  stroke. 

B  -'^^  =  -WWflP  =  67-5  n». 

Ex.  !•.    What  pressure  may  be  allowed  on  a  plate  in  the  combustion  chamber,  if  the 
thickness  of  plate  be  \%  and  the  stays  15'  apart  P 

JBmU.  -D 60  (T  H- 1)'  where  T  :=  thickness  in  sixteenths, 

~*     8  —  6  and     S  =  surface  held  by  i  stay. 

In  this  instance  ^  :=  iV  >  hence,  T  =:  8, 

.  • .  B  =  »1A^«^' =  ^J  =  VW  =  "•,,  lb..  ^. 

Ex.  1 1 .    What  would  be  the  smallest  diameter  of  stay  in  this  case  P 

Pressure  held  up  by  i  stay  225  X  aa'19  lbs.  =  4992*75  lbs. 

Area  of  stay  =  499»'75  -r  5«>o  =  99855  square  inches. 

Diameter  of  stay  =  •  WW  =  V  i**?  =  i 'i  inch.    Ana, 
Ex.  12.    For  tunnel  shaft  ^^^| —  :=  whole  pressure  on  the  piston. 

The  diamet^  of  the  cylinder  is  60  inches,  stroke  40  inches  diameter  of  shaft  .9  indup : 
find  the  effective  pressure  per  square  inch  on  the  piston. 

3aoo_x^«  =  XAiy^/Lftft  =3  583,0  lbs.  pressure  on  whole  piston, 

*   *  6o«^x7ft54  ==  MWi,  =  ao'62  lbs.  per  square  inch. 

Ex.  13.    Find  the  boiler  pressure,  the  diameter  of  the  two  cylinders  being  64'  and  41% 
length  of  stroke  32',  and  diameter  of  shaft  ii''. 

B  —  /<^»  — isSD"  B  =  boiler  pressure. 

®  ^  8  =  length  of  stroke  in  inches. 

D  =  diameter  of  low  pressure  cylinder. 
H=:  „        high  pressure  cylinder. 

/  =  4936  for  crank  shaft. 
d  =  diameter  of  shaft. 

•a (4936  X  11')  —1;  (3a  X  64°)  _  (4936  X  1331)  —  15  (3a  X  4096)  __  6569816  —  1966080 

32X^41*   .  32x1681  53792 

=  *ttttF  =  855  lbs.  Answer. 
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ON  CALCULATION  OF  WEIGHT  OF  DIFFERENT 

PAETS  OF  MACHINERY. 


269.  Wrought  iron  varies  in  specific  gravity  £rom  7*8  to  7*6.  Taking  the 
mean  at  7*7  a  cubic  foot  will  weigh  479*872 1 664  lbs.  exactly.  This  is  so  near 
480  lbs.  that  we  may  conveniently  reckon  a  square  foot  one  inch  thick  to 
weigh  40  lbs.,  every  quarter  inch  of  thickness  giving  10  lbs.  per  square  inch, 
and  every  eighth  of  an  inch  of  thickness  giving  5  lbs.  per  square  inch.  Thus 
we  may  readily  find  the  weight  of  boiler  plates  by  multiplying  the  eighths  of 
thickness  by  $  f6r  every  square  foot. 


Ex.  I.    A  boiler  plate  6  feet  9  inches  long,  4  feet  6  inches  wide,  and  f  of  inch  thick: 
find  the  weight. 

Length  6  ft.  9  in.  X  width  4  ft.  6  in.  X  thickness 

I <» '375 


12 

81 

Length  81  inches. 
Width  54   „ 

324 
405 

OP 

A174. , 

••••••  4^74 

3 

1  =  '375 

8)13122 
1640*25 

21870 
30618 
13122 

12 


54 


!  6}  1640-25 
•6)273-375 

(  4)455'6a5 1^- 
28        

17)"3— 3) 

[7 

4)16—1  ) 

4      o      7*625 
cwt.  qr,      lbs. 


1640*250 


Since  the  plate  in  question  contains  1640*25  cubic  inches,  and  3*6  inches  of  wrought  iron 
weighs  I  lb.,  on  dividing  the  former  quantity  by  the  latter,  the  weight  in  pounds  (lbs.)  of 
the  plate  is  found  as  above. 

Since  i  square  foot  of  wrought  iron  weighs  5  lbs.  for  every  f  of  an  inch  of  thickness : 
then  a  f  inch  plate  wiU  weigh  15  lbs.  per  square  foot ;  hence  by  multiplying  the  square  feet 
of  plate  by  15  we  obtain  the  weight  in  pounds. 

9  indhee  =  A]9*o  6  inches  =:  i)  i  *o 


•75 

. ' .  6  ft.  9  in.  =  6*75  feet. 

4*5  feet. 

3375 
2700 


30*375  «!•  ^o«t 
15 


'51875 
30375 


Weight  of  plate  =  455'^^S  11»- 


•5 
4  ft.  6  in.  ^  4*5  feet. 


i4)455'6a5  lbs.  =  weight  of  plate. 

7)"3— 3  ) 

>  7  lbs. 

4)16—1 ) 

4    o    7*625 
owt.  qr.   lbs. 
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Ex.  a.    A  boiler  plate  is  8  feet  4}  inches  long,  3  feet  2  inohee  wide,  and  { thick :  find  the 

weight. 

Length  8  ft.  4^  in.     X     width  3  ft.  a  in.     X    thickness 
la  13  |*or*6a5 

100*5  inches.  38  inches* 

Weight  =  ?~:5-|Ji^yJ^)  -  ,386-875. 

The  plate  in  question  contains  3386*875  cnbic  inches,  and  3*6  cubic  inches  of  wrought  iron 
weighs  I  lb.,  therefore,  on  dividing  the  cubic  inches  in  plate  by  3*6  gives  the  wbight  of  plate 
in  lbs.  Reduce  the  lbs.  to  qrs.  by  dividing  by  a8  (28  lbs.  equals  i  qr.)  and  4  (4  qrs.  make 
I  cwt.) 

4j inches  =  ^,  »  *^««  =  A)»° 


*i66 

•375 

.  * .  8  ft.  4}  in.  :=  8*375.  3  ft.  a  in.  =  3*166. 

Since  i  square  foot  of  wrought  iron  weighs  5  lbs.  for  every  f  of  an  inch  thickness,  then  a 
{ inch  plate  will  weigh  35  lbs.  per  square  foot. 

8*375  X  I'l^  (=  a6-5i5a5  sq.  ft.)  X  25  =  663*88135  lbs.,  weight  of  plate^ 

or  5  cwt.  3  qrs.  19  lbs.  nearly^  An9. 

Ex.  3.    A  piston  is  76  inches  diameter,  and  sapposing  ftto  be  4^  inches  thick  throughout : 
what  would  it  weigh  P 

KoTB.^Oast  iron  is  from  3*8  to  3*9  cubic  inches  per  lb. 

^'  '^  '^^.y  ^  ''''  =  76  X  76  (=  4536-4704)  X  OS  =  '^^  =  5073-684  lb..,        . 

or  3  tons  5  cwt.  i  qr.  5  lbs. 

At  the  examinations  there  is  a  short  rule  given  lor  worVng  this  and  similar  questions,  it  is 

^'^  X  ^  X  *ao6  =  weight  in  pounds, 

•  *  •  76'  X  4*25  X  *ao6  =:  5056*888  lbs.,  whioh  differs  f^om  the  former  by  about  17  lbs*. 

270.  GKven  the  length  over  all  and  diameter  of  an  iron  sorew-Bhaft,  alao 
the  diameter  and  thickness  of  coupling  flanges :  to  find  the  weight. 

ETJLB  CXXin. 

i"*.  From  the  length  over-M  of  eerew-ehaft  subtract  the  thickness  of  the  two 
flanges,  and  reduce  the  remainder  into  inches  hg  miMpJying  bg  it. 

2°.  8gmre  the  diameter  of  shaft  and  multiply  by  7854  and  hg  the  length  in 
inches  of  screw-shaft :  the  result  is  the  contents  of  shaft  in  cubic  inches. 

3^  Nespt  square  the  diameter  of  the  fkmge,  multiply  bg  7854,  and  bg  the 
thickness  in  inches  of  the  two  flanges,  the  result  is  the  cubic  contents  of  the  two 
flanges. 

4°.  Add  together  the  cubic  contents  of  the  screw-shaft  found  bg  No.  2,  and 
that  of  the  two  flanges  found  bg  No,  3*",  the  sum  is  the  contents  of  the  whole 
screw-shaft  hi  cMc  inches. 
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5^  Divide  this  hut  result  hy  yb  (the  number  of  eubie  inches  equal  i  Ibjf  the 
quotieiit  is  the  weight  of  screuhshaft  in  lbs. 

KoTB.— We  may,  instead  of  dividing  by  3*6,  multiply  by  '28,  the  weight  of  a  cubic  inch 
of  iron,  the  prodaot  is  the  weight  in  lbs.  of  screw-shaft. 

6°.  Lastly f  divide  the  wdgkt  in  lbs,  found  in  No.  5°  by  2240,  the  result  is  the 
weight  of  screw-shaft  in  tons,  Sfo, 

NoTB. — Instead  of  dividing  by  2240  at  once,  we  may  rednce  the  Ibe.  into  qrs.  by  dividing 
by  28  (4  X  7  =  28),  28  lbs.  being  equal  to  a  quarter ;  divide  qrs.  by  4,  the  result  is  cwt ; 
and  finally  divide  cwt.  by  20  (20  cwt  equals  i  ton). 

EXAMPLBS. 

Ex.  I.  A  screw-shaft  of  iron  is  17  feet  6  inches  long  over  all,  and  13  inches  diameter, 
the  coupling  flanges  are  25  inches  diameter  and  4}  inches  thick:  what  is  the  weight  of  the 
shaftP 

Suppose  the  two  flanges  out  off,  then  there  would  remain  a  bar  13  inches  diameter,  and 
16  fiaet  9  inches  =  201  inches  long. 

Cubic  inches  in  bar  =  13'  X  "7854  X  soi  =r  26679*2526 

.      „  a  flanges  =  25"  X  -7854  X  4'5  X  a  =   44'7'8750 


n 


in  screw-shaft 


3i097'i276 


Then,  *^^^^"  =  8638*091  lbs.  =  3  tons  17  cwt  o  qrs.  14  lbs. 

Length  of  shaft  over  all    17  ft.  6  in. 
Thinness  of  two  flanges  9 

16      9 

12 


201 


Diameter  of  shaft  13  inches 

13 

39 
i3_ 

Diameter'  ^169 
•7854 

676 

845 

135a 
1183 

132*7326  sectional  area. 
Length         201  inches. 

1327326 
26546sao 

Con.  of  shaft  26679*2526  cubic  inches. 


Diameter  of  flange  25  inches 

a5 

"5 
50 

625 
•7854 

2500 

3"5 
5000 

4375 

490*875,0  sectional 
4*5  thickness. 


1454375 
1963500 

2208*9375 

2 


Contents  of  2  flanges  4417*8750  cubic  inchMU 
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Contents  of  shaft  =:  26679*2526  cabio  inches. 
,,    of  2  flanges  =  4417*8750 


3-6 


'6)31097*1276  cubic  inches. 
6)51828-546 

{4)8638091  lbs. 

7)2159—2  ) 

>  14  lbs. 

4)308-3) 

»,o)7,7.o 

3  17  o  14 
An$. :  3  tons  17  cwt  o  qr.  14*091  lbs. 

Ex.  2.  A  screw-shaft  of  iron  is  18  feet  9  inches  long  over  all,  14  inches  diameter,  the 
conpling  flanges  are  27  inches  diameter,  and  5}  inches  thick :  what  is  the  weight  of  the 
shaftP 


Length  of  shaft  oyer  all 
Thickness  of  2  flanges 


18  ft.  9  in. 
—     II 


Thickness  of  flanges      $\  in. 


Thickness  of  2  flanges  11  in. 


Length  of  shaft  without  flanges  17    10 

12 

314  in. 

Contents  of  shaft  =  14'  X  -7854  X  ai4  =  14  X  14  (=  19O  X  -7854  (=  153*9384)  X 

214  :=  32942*8176  cubic  inches. 

Content  of  2  flanges  =  27 "  X  '7 ^54  X  1 1  =  27  X  27  (=  7*9)  X  -7854  (=  57  »*5S66)  X 

II  =  6298*1226  cubic  indies. 

.  * .  Contents  of  shaft  4-  contents  of  2  flanges  =  32942*8176  4*  6298*1226  = 

39240*9402  cubic  inches  =  4  tons  17  cwt.  i  qr.  8*2432  lbs.  Answer, 

Etakft^tm  pok  Praotiob. 


70. 

Length  of  Shaft 
OTeralL 
ft    in. 

Dia.  of  Shaft. 

Dia.  of  Flanges. 

ThicknMsof 
Hanges. 

Ant.- 
Tons  cwt. 

-Wflight. 
qn.      lbs. 

I. 

20    6 

13  inches 

24  inches 

4  inches 

4      7 

X       8*288 

2. 

n    4 

9      »> 

18     „ 

3     » 

I     15 

2     17*741 

3- 

19    6 

Hi    >» 

Hi   » 

5     » 

5      4 

3     i6*8 

4- 

20    4 

"f    »» 

»»     » 

Zi  » 

3    n 

«      5'Z5 

5- 

^5    6 

"i    w 

^5      »» 

3*   „ 

4     19 

0      7*14 

Ex.  3.  Find  the  wdght  of  a  shaft  16  ft.  6  in.  OTer  all,  diameter  of  shaft  10^  inches,  the 
flanges  are  unequal ;  ist  diameter  2o|  inches,  length  3}  inches ;  2nd  diameter  20  inches, 
length  2{  inches.    Qive  aU  the  answers  according  to  the  following  rules : — 

This  question  may  be  solred  by  Rule  CXXITI,  pages  261-262,  with  this  difference,  that 
the  flanges  being  unequal  the  contents  of  each  is  to  be  found  separately. 

Again,  the  multiplier  *7854  and  the  divisor  3*6  are  constant  numbers,  and  instead  of 
multiplying  by  *7854  and  dividing  by  3*6  we  may  multiply  by  *2i8,  the  quotient  of  '7854 
by  3*6,  the  result  is  tiie  weight  of  screw-shaft  in  lbs. 

To  find  the  weight  of  round  iron,  square  the  diameter  in  inches,  multiply  by  length  in 
inches^  and  multiply  by  *ai8  equals  the  weight  in  lbs. 
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To  find  the  net  weight  of  a  rough  shaft,  square  the  diameter  in  inches,  multiply  by 
length  in  inches,  point  off  the  last  4  figures,  and  the  remainder  is  the  weight  in  tons ;  should 
the  shaft  be  smooth  all  over  or  turned  up  deduct  ^  cwt.  for  each  ton,  hence. 

Conceive  the  two  flanges  cut  of^  then  there  would  remain  a  bar  loj  inches  diameter,  and 
16  feet  o}  inch  ^  192*375  long. 

iBt  OoUar.  and  OoUar. 

Length  of  shaft  over  aU        16  fk.  6  in.        Flanges  r=  20*5  in.  so  in. 

Length  of  flanges  (if  +  a})  —      5  J  ao'S  ao 

f  )3'o  16      0}  1025  400  =r  D' 

—  la  4100  Length  3*875 


•375 


Shaft  =192!  4>o'25  1150*000 

or,  192-375  Length    2-75 

Length  i9a'375 


Dia.  of  shaft    10*5'  310125  110*25  ist 

10*5  294175  

84050  9^^875 

525  384750 

1050  "55*^875  1923750 

19*375 


1 10*25  =  O* 


Shaft  21209-34375 

235i5'03"5  ist  flange       "55'^875 

•^^}*=z  '218  2nd    do.        1150*0000 

1881 2025000  Total  23515*03125 

235i503"5  =  rf»  X  ^ 

4703006250 

5126*2768x350  Antwir, 

Bi¥iU9,^'D*  X  L  X  *2i8  =:  weight  in  pounds. 

D^  X  L  and  four  figures  marked  off  as  decimals  is  equal  to  the  weight  in  tons  when 
the  shaft  is  in  a  rough  state. 

Again:— 

Cubic  contents  of  shaft  and  fialnges  as  above,  is  23515*03125  inches,  and  pointing  off  4 
figures  to  the  left  z=  tons  of  a  rough  shaft. 

Tons  2*3515 
20 


Cwt.    7*0300 

4 

Qrs.    0*12 
28 

Lbs.     3*36  ji^^ ;  a  ton  7  cwt.  o  qr.  3*36  lbs. 

For  a  smooth  shaft  subtract  }  <ywt.  f6r  each  ton  the  shaft  weighs,  thus : — 

tons  owt.  qrs.     lbs. 
2)2*3515  tons  Weight  of  rough  shaft      a      7      o      3*36 
Subfaraot  for  smooth  shaft  —10    19*68 

i*»7575  o^»  

4  Weight  of  smooth  shaft    353    11*68* 


o*703Wi  qrs. 

as  (  ist   =:  5136*3768/  lbs. 

—  ^Amwers  I  3nd  =  2  ton  7  cwt.  o  qr.  3*36  lbs. 

5634  (  3rd  =  3  ton  5  cwt.  3  qr.  11*68  lbs. 

X406 

19*684  lbs. 
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Examples  for  Praotiob. 


Length  orerAU  Diameter 
No.  of  Shaft.        of  Shaft, 

ft.    in.         inohes. 


I. 


a. 


ao    6 


17    4 


19    6 


ao    4 


n 


Diameter 

of  Flanges. 

inches. 

aj  and  2$ 


Thickness 
of  Flanges, 
inohes. 


Afuwert, 


(  ist,  9785*148  lbs. 
3}  and  4^     <  2nd,  4  tons  9  owt.  3  qra.  a  lbs. 

(  3«i>  4    »>    7     >»    a    >•     3   »» 


17 


ti 


19 


14J  24},,    26f 


"♦ 


21 


i» 


^3 


!I8t,    3983*86411)8. 
2nd,  I  ton  16  owt.  a  qrs.  aa  lbs. 
3^^,  I    „  15    »i    3    »     3  » 

ist,   11626*88  lbs. 

2nd,  5  tons  6  owt.  2  qrs,  19  lbs. 

3<^  5    i>   4   »    o   t»     o   M 

!i8t,   8661*864  lbs. 
2nd,  3  tons  19  owt.  I  qr.  24  lbs. 
3rd,  3    „     17    „    I  „  a6  „ 


>» 


II 


Examples. 


Ex.  I.  A  shaft  is  a9  ft.  6  in.  long  over  all,  and  ri  in.  diameter;  there  are  two  flanges 
eaoh  3  in.  thick  and  20  in.  diameter,  five  bolts  through  eaob  coupling  a}  in.  diameter :  find 
the  weight  and  make  a  sketch  of  it. 


Length  of  shaft  over  all 
Thickness  of  a  flanges 


29  ft.  6  in. 
6 


II 


Lengthof  shaft  withont  flanges  29  ft.  o  in. 

12 

348  in. 


Contents  of  shaft  =  ii>  X  '7854  X  348  = 
Contents  of  a  flanges  ao^  X  '7854  X  6    = 


Thickness  of  flanges    3  in. 

a 

Thickness  of  a  flanges  6  in. 


(0 

3307i*6a3a  cnbic  inches. 
1884*96 


34956  *583a 
Contents  of  holes  =  a*5"  X  '7854  X3X5Xa=—  I47'»6a5 


II 

II 
II 


3*6 


Shaft  II*  X  348  =  4aio8 

Flanges   20'  X  3  X  a  =    a40o 

^  ,         «  ^^^^ 

Holes a-5"  X  3  X5  X  a  =  —  187*5 

443ao'5 

3545640 

443>05 
886410 

9661*8690  lbs. 


•6)348o9*3ao7 

Q  58o'5'534 
9669-a55  lbs. 

(3) 


D'  X  li  sad  fbnr  figures  marked 
off  to  left  gives  weight  in  tons  in 
rongh  shaft,  thus: — 

4,43ao*5  tons. 
20 


8*6405  owt. 

4 


2*5620  qrs. 
a8 


4496 
iia4 

15*736  lbs. 


MIC 


266  Cakuhtion  of  Weight  of  Farts  of  MaeMnorp. 


(4)    For  a  smooth  shaft,  subtracting  ^  cwt,  for  each  ton  the  shaft  weighs,  we  haye 

tons.  cwt.   qra.     lbs. 
2)4*4320  Weight  of  rough  shaft      482       157 

Subtract  for  smooth  shaft  020      24*2 

2*2160  cwt.  — ^— — — 

4  Weight  of  smooth  shaft    4      6      x      19*5 


0*864  qrs.  /  ist,  =  9669*255  lbs. 

28  ^^^^^^    2nd,  =  9661-869  lbs. 

I  3TO»  = 


,       4  tons  8  cwt.  2  qrs.  15*74  lbs. 
6912  \  4th  ^  4  tons  6  cwt.  I  qr.  19*5  lbs. 

1728 


24*192  lbs. 

Ex.  2.  The  diameter  of  a  safety-valve  is  6'  and  is  loaded  with  cast  iron  weights,  what 
should  be  the  height  of  these  weights  to  press  the  valve  equal  to  1 1  lbs.  per  square  ixush, 
the  weights  being  in  a  case  14'  diameter  and  }'  clearance  all  around  P 

Short  jSm^.— <^  X  A  =  5  times  the  weight  in  lbs. 

Valve  Diameter  of  box  14  inches. 

*7854  Clearance  both  sides        if    „ 

rf?=  36  

— ^—  Diameter  of  weights     12^  inches. 

28*2744  

1 1  lbs.  or,    12*25 

12*25 


Weight  of  valve  j  1 1  'o  1 84  lbs. 


5  ^"5 

H50 


1555*0920  ^  5  times  weight  of  valve.  14700 


d*  =r  150*0625 
And,  by  rule,  150*0625  X  *  =  1555*0920, 

• '  •  VM'^f^  =:  10*36  inches,  the  height  of  weights. 

£z.  3.  A  safety-valve  is  sh'  diameter,  what  height  should  the  weights  be  to  press  the 
valve  to  20  lbs.  per  square  inch,  the  weights  being  in  a  box  15'  diameter,  and  ^  olearanoe 
all  around  P 

Diameter  of  box  15'  —  (J"  X  2)  i'  =  14".    rf*  =  i4'»  =  196. 

•7854  X  5'5*  (=  ^315^Z5)  X  20  (=  475' J167)  X  5  =  »37S'83S  =  A^©  ^^^  weight  of  valve. 

/ .  2375*835  -7-  196  ^  12*12  inches,  the  height  of  weights. 

Ex.  4.  What  is  the  weight  of  gun  metal  in  a  screw-shaft  liner  whose  length  is  79  inches, 
outer  diameter  13  inches,  and  thickness  H  of  an  inch,  if  a  cubic  inch  weighs  '3  of  a  lb. 

It  is  evident  that  the  inner  diameter  will  be  equal  to  the  outer  diameter  diminished  by 
twice  the  thickness. 

Thickness  «  X  a  =  tt  =  if. 
.*.  inner  diameter  13  —  1}  =  iii=  11*125  inches. 

Having  now  given  the  outer  and  inner  diameters  of  shaft,  proceed  by  Ko.  228,  Rule 
LXXIX,  to  find  the  area  of  a  section  of  shaft,  thus : — 

Area  of  section  =  outer  d*  X  '7854  —  inner  rf*  X  '7854 

=  i3"*X  •7854—  "•"5«  X  7854 
=  169  X  -7854  —  123*765625  X  -7854 
=  132*7326  —  97'ao55>'875 
=  35*5*7078125. 
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Or  thus,  since  the  differenoe  of  the  squ  ires  of  two  quantities  is  equal  to  the  sum  of  the 
two  quantities  multiplied  by  their  difference,  we  have, 

Area  of  section  =  (outer  d  +  inner  d)  X  (outer  d  —  inner  d)  X  '7854 

=  (13+  11-125)  X  (13—  itia5)  X  -7854 

=  24-125  X  1*875  X  -7854 

=  45'»34375  X  '7854 
=  35'5»7078i25. 

Gubio  inches  in  screw-shaft  =  35*5271  X  79  =  2806-6409, 

. ' .  2806  6409  X  '3  =  841*99227  lbs.     Ana^ 

271.     To  find  the  weight  of  a  thrust-block. 

Ex.  Sketch  a  thrust  block  from  the  following  sizes,  and  find  the  weight  when  i  cubic 
inch  of  iron  weighs  '3  of  a  lb. 

There  are  9  collars,  each  i^  inches  thick,  with  spaces  i}  inches  between  them ;  diameter 
of  shaft  9  inches,  of  collars  11  inches,  of  seat  13  inches,  and  of  flanges  15  inches;  the 
flanges  are  each  i^  inches  thick. 

9  collars  each  i^  inches  thick  =  11^  inches  total. 

10  spaces  each  1 1  inches  vride  =11^      ,»        », 


Total  length  of  seat      =  22J 


u 


Shaft 

Collar. 

Seat. 

Flanges. 

•7854 

•7854 

.       -7854 

•7854 

rf«(=9")  =81 

<f»(=ii«)=z  121 

rfM= 

=  I3»)-  169 

rf«(= 

I5«)  =  225 

7854 

7854 

70686 

39270 

62832 

94248 

47124 

15708 

7854 

15708 

63-6174 

95-0334 

—  63-6174 

132-7326 
—  63-6174 

176-7150 
—  636174 

31*4'^ 

Length           11^ 

69-1152 

1130976 

Length          22*5 

Length           2*5 

345576 

7854 

3455760 
1382304 

5654880 
2261952 

353*430 

~ 

1382304 

»555'09»oo 
—  353*43 

1201-662 

282*74400 

Total; 

282-744 

i  inches. 

=  1484-406  cnbic 

3 

445-3218  lbs.    Atmoer, 

Or  we  may  proceed  thus : — Instead  of  taking  the  difference  of  the  squares  of  the  two 
quantities,  we  multiply  the  sum  of  the  two  quantities  by  their  differenoe,  Rule  LTTry^  and 
the  work  will  then  stand  as  below: — 

Seat       (13  ±9)  X  aa'5  =  aa  X  4  X  aa'5  =    1980 

Fl»ngo8(i5  +  9)  X  a-5  =  HX  6  X  »*5  =      3^© 

2340 
Collars  (11  ±  9)  20  X  »  X  ii"^S  =  ao  X  a  X  n'^S  =  —  45° 


1890 


Total  oontents  ==  1890  X  '7854  =  1484*406  cnbic  inches. 
. ' .  1484*406  X  *3  =  445*3218  lbs.     Answer, 
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272.  To  find  weight  of  crank  for  paddle-shaft. 

Ex.  Make  a  sketch  of  a  crank  for  a  paddle-shaft,  and  find  its  weight.  Pin-boss ;  pin 
5  inches  diameter,  boss  10^  inches  diameter  and  10}  inches  across.  Shaft-boss;  shaft  8 
inches  diameter,  boss  ii\  inches  diameter  and  ii^  inches  across,  bar  is  8  inches  wide  at 
pin-boss,  and  1 2  inches  at  shaft-boss,  and  4^  inches  across.  Add  i  the  diameter  of  eaoh 
boss  to  the  len<»th  of  bar  for  the  fillets,  the  length  from  centre  to  centre  being  a6  inches. 

Length  of  bar  from  boss  to  boss  =  length  from  centre  to  centre  —  \  diameter  pin-boss 

—  \  diameter  shaft-boss 

=  26  -  ^i^  —  H'A=  26  —  C5'"5  +  675) 
=:  26  —  11*875  =  14*125  inches. 

Increased  for  fillets  =  14*125  4-  ^^  -^  H^  =  14*1*5  +  1*7083  -1-  2*25 

=  14*125  -I-  3*9583  =  18-0833. 

Mean  width  of  bar  =  -^^^  ^  10. 

Content  of  pin-boss  (io'25*  —  5*)  X  '7854  X  10-5  =  (io5*o625  —  25)  X  '7854  X  10*5 

=  80*0625  X  '7854  X  10*5  =  660-25141875. 

Bhaft-boss  (i3*5«  —  8«)  X  *7854  X  1125  =  (*8r25  —  64)  X  '7854  X  "J 

=  118-25  X  7854  X  iij  =  1044-8274375. 

Contents  of  bar  :=  18*0833  X  4*5  X  10  :=  813*74850  cubic  inches. 

.  * .  total  cubic  oontents  ^  contents  of  pin-boss  -(-  contents  of  shaft-boss  4-  contents  of 

bar  =  660*25141875  -f  1044-8274375  -1-  813-74850  =  2518-82735625. 

And  as  this  is  cast  iron,  2518*82735  -f-  3*6  =  699*5076  lbs.,  the  weight  of  orank. 

Or  thus:—       Pin-boss     (10*25  ±  5)  X  10*5  =  15*25  X  5*25  X  10-5=    840*65625 
Shaft-boss  (13*5  ±  8)  X  11*25  =  >i'5  X  S'S  X  11*25  =  i33o*3"5 

2170*96875 

2170*96875  X  '7854  =     1705*07885 
18*0833  X  4'5  X  10  =      813*7485 

2518-82735 
&c.,  &c. 

273.  To  find  weight  of  slide-valve. 

Ex.  A  slide-valve  is  worked  by  a  hooped  spindle,  the  hoop  surrounding  the  body  of  the 
valve.  The  port  of  the  valve  20*  wide,  exhaust  port  is  6'  deep,  steam  ports  2^'  deep,  bars  i}% 
steam  lap  3*,  internal  cover  Y^  ^®  valve  is  i}"  on  each  side  of  the  ports,  feuie  of  valve  is  {* 
thick,  while  the  rest  is  |*  thick,  the  port  of  the  valve  is  rectangular  and  3^*  deep :  find  the 
weight,  allowing  3*9  cubic  inches  =  i  lb. 

Whole  depth  of  fiioe  of  valve  =:  3*  -1-  2J  -j-  J  =  5J^ 

Whole  width  of  &ce  =  20  +  i J  +  1 J  =  22j*. 

Depth  of  valve  port  =  whole  depth  of  valve  — -  the  a  £m)6B. 

=  »o-(5t  +  5|)iiJ  =  8f 

Height  of  walls  above  the  fsuie  =  depth  of  port  —  thickness  of  back  and  £eu)e  of  valve 

Total  length  of  4  walls  =  2  (20*  -)-{-).{)  -f  2  (8|}  =  60^. 

Cubic  inches  in  feoe      22i  X  5t  X  }  X  2  =  22*5  X  5625  X  *875  X  2  =  221*484375 
„  sides       8|xiiXiX2  =  875  X  1*25  X  *875  X  2    =   19*140625 

„  back     20    X  8J  X  I  =  20  X  8-875  X  '625  =  110*9375 

„  4  walls  60J  X  3    X  J  =  60*25  X  3  X  '625  =  112*96875 

46453  i>SO 
464*53125  -r-  3*9  =  "9'">  *o.,  lbs. 
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274.    To  find  the  weight  of  a  orank  shaft. 

Make  a  sketch  of  orank-shaft  with  6  collars  turned  on  it,  the  length  oyer  all  is  11'  4^*, 
from  centre  to  centre  of  engines  4'  11*,  fore  end  of  shaft  i'  2*  long,  diameter  of  shaft  9% 
diameter  of  crank-pin  8j^*,  length  of  pin  9',  web  of  cranks  29'  by  10}'  by  7%  one  flange  18' 
diameter,  2^"  thick,  wiUi  8  holes  in  flange  2'  diameter,  the  collars  are  if"  thick  and  i\f 
spaoea:  find  the  weight. 


Shaft  9'  (dia.)  X  '7854  X  88-25  flength)  = 
Webs  29*  X  lot  X  7  X  4  = 

Pins  8-5«  X  -7854  X  9  X  »  = 

Flanges  (18  1.  o)  r=  27  X  9  X  *7854    = 
Collars  (11  HL  9)  =  20  X  a  X  '7854     = 


5^ '413555 
8526*00000 

1021*41270 

429-41745 

359*18200 


Holes  a«  X  -7854  X  8 


1585024770 
=        —    a5'»3»8o 


3-6 


Tons  cwt.    qr.     lbs. 
I      19     o    27*865 


•6)15825*11490 

6)26375*1915 

(7)4395*8651 

28 

(     4)627-6 

4)156—3 


27  lbs. 


2,0)39-0 

I     19    o    27*865. 


279.    To  find  the  weight  of  a  pair  of  braeses. 


Ex.  What  is  the  weight  of  a  pair  of  brasses  20  inches  long,  diameter  of  journal  11 
inches,  diameter  of  seat  13}  inches,  diameter  over  flanges  16}  inches,  and  thickness  of 
flAnges  1^  inch  ? 

Length  of  seat  ^  length  of  brasses  —  thickness  of  flanges  ^ 

20*  —  2  (ij*)  =  20*  —  2|  =  l^Y' 

Sectional  area  of  journal  =  11'  X  7854    =   95*0334 
„  seat       =  I3-5'  X  '7854=  »4r>39»5 

„  flanges  =  16*5"  x  '7854  =  ai3'82575 


Then  (143*13915  —  95*0334)  X  '7854  =  841*850625  cubic  inches  in  seat, 
and  (213*8215  —  95*0334)  X  2*5  ^  296*979375  cubic  inches  in  flanges. 

1138*8300 
. ' .  weight  ^  1 13883  X  *3  ^  34i  *649  lbs.    Jbmoer, 
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QUESTIONS  RELATING  TO  RATE  AND 

SLIP  OF  SCREW. 


276.  Oiven  the  number  at  which  the  engine  counter  stands  at  the 
beginning  of  a  voyage,  also  what  it  indicates  at  end  of  the  same,  together 
with  the  time  it  has  been  working :  to  find  how  many  revolutions  per  minute 
it  has  made  on  an  average  during  the  voyage. 

EXAHPLBS. 

Ex.  I.  An  engine  connter  stood  at  1587  at  the  beginning  of  a  voyage,  and  it  now  stands 
at  772087,  having  been  working  for  11  days  15  honrs  10  minates:  how  many  revolutions 
per  minute  hns  the  engine  made  on  the  voyage  P 

At  the  end  of  the  voyage  oonnter  stood  at    772087  revolutions. 
„     beginning        „  „  1587  „ 

During  the  voyage  the  counter  made  770500         „ 

The  time  the  counter  has  been  working  is       Then  Vff^  =  46  revolutions  per  minute. 

1 1-  is^  io«,  which  is  16750  minutes.  1675,0)77050,0(46  revolutions. 

ii<*  15**  lo™  6700 

24  

—  10050 

59  ^0050 

22  — — 

279  hours. 
60 


16750  minutes. 

Ex.  2.  An  engine  counter  stood  at  100 1  at  the  beginning  of  a  voyage,  and  it  now  stands 
at  796001,  having  been  working  for  10  days  10  hours :  how  many  revolutions  per  minute 
has  the  engine  made  on  the  voyage  P 

At  the  end  of  the  voyage  counter  stood  at    796001  revolutions. 
„      beginning        „  „  looi  „ 

During  voyage  engine  has  made  795000  „ 

Then  10  days  10  hours  =:  15000  minutes.  WoW  =  53  revolutions  per  minute. 

10*  io»»  i5»ooo)795,ooo(53 

a4  75 

250  hours.  45 

60  45 


15000 

Ex.  3.  A  steamer  goes  at  the  rate  of  10*2  knots  per  hour  when  the  engines  are  making 
6s  revolutions  per  minute ;  the  counter  indicated  18908  at  starting  and  is  now  at  2 148 17 : 
how  many  nautical  miles  has  the  vessel  made  in  that  time,  supposing  the  slip  to  be  the 
same  throughout  P 

At  starting  counter  stood  at    18908  Revolutions  per  minute     6$ 

Now  counter  stands  at  2 148 17  60 

Revolutions  made  195909  Revolutions  per  hour       3900 

.  * .  195909  -T-  3900  =  50*23  hours  on  voyage. 
And  50*23  X  io'2  =  512*346  nautical  miles.    Asutcer, 
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EZAICFLBS   POK  P&AOTIOB. 

In  each  of  the  foUowing  exercises  it  is  required  to  find  the  number  of 
revolutions  per  minute. 

End  of  ToyagOt    Be.  of  Toyago.      Interral.                      End  of  Toyage.  Be.  of  Toyage.  IntenraL 

I.       981,260            5,040            8<*ao*»  5«              4.      1,000,000  17,344  14**  5**"* 

a.      888,963          18,563            9  »3    o               5-        98919^9  »43,a98  "  *3  59 

3.   1,126,617          ^,*43          '»    o  54               ^'       935»879  «4a.3"9  '<>  '9  >o 

Annoert, 

I,  981360  —  5040  =  976220;  8<*ao*»5«»  =  ia7a5»;  then  976220  -7-  12725  ^  76*71 
rerolntions  per  minnte. 

a.  888963  —  38563  =  860400;  9<i  33^  ^  14340™;  then  860400  •f-  14340  =  60 
rerolations. 

3.  1126617  —  69243=1057374;  12^  o»54«=  17334";  then  1057374  ^  17334  =  61 
revolutions. 

4.  loooooo  —  17344  =  982656;  14**  5>>  i3»  =  3047»~;  then  982656  -7-  30473  =  48 
revolntions. 

5.  989969  —  143298  =  846671 ;  ii<*  33>>  59»  =  i7279«;  then  846671  -f-  17279  ^  49 
revolntions. 

6.  935879  —  I4a3»9  =  7935^;  10*  19**  *o"  =  ^55^  i  ^^  7935^4- 155^  =  5' 
reyolationB. 

277.  Given  the  diameter  of  a  paddle-wheel  and  revolutions  per  minute ; 
to  find  the  speed  of  the  ship. 


The  paddle-wheel  of  a  steamer  is  37}  feet  in  diameter,  and  the  reyolntions  x  per 
minate :  find  the  speed  of  ship. 

3*1416  ReyolationB  per  minmte   13 

27-5  60 

157080  „  hour       780 

319913 
62832 


86*39400 
780 


69115a 
604758 


6080)6738*733,000(11*08  knots  per  hour. 
6080 


5587 
6080 


5073a 
48640 


KoTB.'— The  drounference  of  a  paddle-wheel  multiplied  by  the  reyolntions  per  minute, 
and  two  figures  out  ofl^,  giyes  the  speed  in  knots  nearly.  It  is  too  great  in  the  exact 
proportion  of  304  to  300. 

ExATfPLES  FOB   PbAOTIOE. 

BeyolutionB  Answm" : 

per  minute.  Knots  per  hour. 

23  11*4 

3oJ  16*53 

31  13*03 

io|  9*766 


Diameter  of 

Ko. 

Paddle-wheel. 

I. 

x6 

3. 

36 

3- 

30 

4- 

30 
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278.  Given  the  diameter  of  a  paddle-wheel,  to  find  the  number  of  revolu- 
tions an  engine  must  make  to  drive  the  wheel  at  a  given  rate. 

EULE  oxxrv. 

1°.  Find  the  eireumferenee  of  the  paddle-wheel  hy  multiplying  the  diameter  hy 
3*1416  (Bule  LXXIY,  page  183);  this  is  equal  to  the  distance  moved  in 
one  revolution. 

2°.  Find  the  number  of  feet  in  the  knots  the  paddle-wheel  ii  driven  per  hauTf 
by  multiplying  the  number  of  knots  by  6080  feet 

3°.  IText  find  how  often  this  last  (No.  2^)  contains  theldistanee  moved  in  one 
revolution  (No.  i^] ;  the  result  is  the  number  of  revolutions  required. 

EXAMPLB. 

Ex.  How  many  reyolutions  most  an  engine  make  to  driye  a  paddle-wheel  10^  knots  per 
hour,  the  diameter  of  the  wheel  being  30  feet,  and  the  knot  being  eqnal  to  6080  feet  P 

Oironm&renoe  of  wheel  =  30  X  3*1416  =  94-2480  (Bule  LXXIY,  page  183). 

3-1416 

Circnmference  =  94-2480  fL  ^  distance  moved  in  i  revolntion. 
10^  knots  =  6080  X  Ko|  =  63840  feet. 

6080 
^ 

60800 
3040 


63840  feet. 
Komber  of  revolntions  =  ifiMih- 
94*248)638400(677*3  revolutions. 
565488 

739120 
659736 


693840 
659736 


34*040 
279.    Given  the  pitch*  of  a  screw,  it  is  required  to  find  the  number  of 
revolutions  it  must  make  to  advance  at  a  given  rate. 

EULE  OXXV. 

1°.  Find  the  number  of  feet  in  the  knots  per  hour,  by  multiplying  the  hnoti  by 
6080  feet, 

1°.  Divide  the  product  (No.  1°)  by  the  piteh  of  the  screw  or  distance  moved  in 
one  revolution;  the  quotient  is  the  number  of  revolutions  required. 

*  The  pitch  of  a  sorew  may  be  e^ained  to  be  the  distance  in  the  line  of  the  shaft  from 
one  ocmvolation  to  tl^e  next,  supposing  the  sorew  to  consist  of  two  or  more  convolutions, 
In  other  words,  the  axial  length  of  a  whole  turn  of  the  thread. 
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Examples. 

Ex.  I.    The  pitoh  of  a  screw  ie  i8  feet :  how  many  reyolutionB  rnuet  it  make  to  advance 
12  knots  per  hoar  P 

13  knots  ^  6080  X  12  =  72960  feet. 

Distance  moyed  in  i  rcTolntion  =:  pitch  =18  feet. 

Number  of  rcYolutions  :=  ^^fjf^  =:  4053I  revolutions. 

6080  ( 3)72960 


12 


72960  feet 


,. 


6)24320 

4053^  revolutions. 


Ex.  a.    The  pitch  of  a  screw  is  1 1  feet  6  inches :  how  many  revolutions  must  it  make  to 
advance  9*5  knots  per  hour  P 

9^  knots  =  6080  X  9'5  =  577^0  feet. 

Distance  moved  in  one  revolution  =  pitch  of  screw  =  1 1*5  feet. 


XI  uui  uvr  stx 

EXAMFLBS 

11. 
FOR 

7     —  3"»»« 

Fbaotiob. 

)  XWVIUUUUD* 

No. 

Fitch. 

Knots. 

No. 

Pitoh. 

Knots. 

I. 

19  feet  0  inches. 

12 

4- 

II  feet  6  inches. 

11-8 

a. 

'7    »    0      „ 

14*8 

• 

5- 

^    >i    8      „ 

12 

3. 

15    i»    0      w 

10 

6. 

ai*  »»           » 

12 

280.  The  screw  propeller,  if  working  in  a  medium  that  could  not  yield, 
would  advance  a  distance  equal  to  the  pitch  during  each  revolution.  But 
such  is  not  the  case  in  the  yielding  medium  in  which  it  actually  does  rotate ; 
and  therefore  it  is  found  that  the  knots  per  hour  passed  over  by  the  ship  are 
lees  than  those  which  ought  to  have  been  passed  over,  on  the  supposition  that 
the  screw  was  working  in  an  unyielding  medium.  If,  then,  the  former  be 
taken  £rom  the  latter,  the  difPerence  is  called  the  slip  of  the  screw  in  knots ; 
and  if  this  difference  be  divided  by  the  speed  of  the  screw  in  knots,  we  shall 
have  the  fraction  of  the  speed  lost;  this,  again,  if  multiplied  by  100,  will 
give  the  per  centage  of  loss. 

281.  Given  the  pitch  of  the  propeller,  and  the  number  of  revolutions  per 
minute,  to  find  the  progression  of  the  propeller,  and  the  rate  of  the  ship. 

EULE  CXXVI. 

1°.  Multiply  the  pitch  of  propeller  hy  the  number  of  revolutions  per  minute ^ 
and  this  product  hy  60 ;  this  last  result  divided  hy  6080,  is  the  progression  of 
propeller  per  hour  in  knots. 

2^  TaJte  the  amount  of  slip  per  cent*  from  100;  then  say^  as  100  is  to 
remainder^  just  founds  so  is  rate  of  progression  of  propeller  /'i  V  to  the  rate  of  the 
ship. 

MN 
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EXAICFLBS. 

Ex.  I.  The  pitch  of  the  propeller  is  i6  feet,  and  it  makee  6^  revolutioiui  per  minute ; 
what  will  he  the  progression  of  the  propeller  in  knots  per  hour,  and  the  rate  of  the  ship, 
allowing  20  per  cent,  slip  F 

16  X  65  X  60  =  63840  =  advance  of  screw  per  hour. 

• '  •  5AMP  =  lo's  advance  in  knots  per  hour. 

Or,  Progression  of  propeller  per  hour  = '   ^^^aT^  =  '®'*  ^otB. 

16 

^1 
80 
96 

1040 
60 


608,0)6240,0(10*2  4- 
608 


1600 
1216 


384 
100    :    80  (100  —  30  =:  80)    ::    10*2    :    rate  of  ship. 

.'.rate  of  ship  =  '°'^^,^  =  8-i6  knots. 

Ex.  2.  The  pitch  of  a  propeller  is  11  feet  6  inches,  and  it  makes  104  revolutions  per 
minute :  what  will  he  the  progression  of  the  propeller  in  knots  per  hour,  and  the  rat^  of  the 
ship,  allowing  19*2  per  oent.  slip  F 

11*5  X  104  X  60  =  71760  feet  =  advance  of  screw  per  hour. 

•  *  •  Wdy  =  1 1'8  =  advance  in  knots  per  hour. 

.  * .  100  :  80*8  :=  (100  —  19*2}  : :  11*8  :  speed  of  ship. 

Hence  speed  of  ship  =  "'  ^      =z  9*5  knots. 

NoTB. — Deduct  from  the  pitch  i  inch  for  every  6  feet  in  the  pitch,  and  multiply  the 
reduced  pitch  hy  the  number  of  revolutions  per  minute  and  divide  by  100,  the  result  will 
be  the  speed  of  Uie  screw  propeller  in  knots  per  hour. 

Ex.  (Ex.  I  above).    A  screw  is  16  feet  pitch,  and  makes  65  revolutions  per  minute. 

¥  —  2*'-66  =  •!  15-8 

16  —  '1  =  15*8  — 

790 
948 

I027'0 


Speed  =  10-27  knots. 


•  To  divide  by  too  we  have  simply  to  remove  the  decimal  point  iwoplacta  ioth$Uft  Ktm4 
(seajpa^  98,  No.  126). 

10*2 
80 


8'i6o 
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Ex.  3.    A  propeller  of  ai  feet  pitch  is  altered  to  18  feet  pitch  with  the  same  pressare  of 
•teun ;  if  the  ship  make  9  knots  with  the  first  pitch,  what  should  she  make  now  f 

The  square  of  the  rates  are  in  indirect  proportion  to  the  pitches,  that  is :— 


18    : 

21    ::    9*    :    *■ 

..=  "X'^'»  =  H'  =  94-5. 

2 

^  94*5  ^9*72  knots. 

9 
9 

94*50(9-72  knots. 
81 

187 
7 

'350 
1309 

1942  1    4100 

Examples  fob  P&AonoB. 

No. 

I. 

Pitch. 
19  ft. 

R«v. 
69 

Slip.                         No.              Pitch. 
25                       4.           6  ft.  8  in. 

Bev. 
84 

Slip. 
13 

a. 

17*1 

74 

20                       5.            11-9 

108 

16 

3- 

Hi 

126 

15*5                     ^«            "*3 

95 

"•3 

EXAICFLBS. 

Ex.  !•  If  the  pitch  of  a  propeller  is  21  feet  and  the  revolutions  per  minute  64,  and  the 
ship  makes  11*29  knots  per  hour :  if  the  pitch  he  altered  to  23  feet  with  76  revolutions  per 
minute,  what  should  now  he  the  rate  of  the  ship,  allowing  the  same  per  centage  of  slip  P 

21  ft.  X  64  rev.  :  23  ft.  X  76  rev.  : :  11*29  knots  :  x    Am,  14*68  knots. 

Ex.  2.  If  the  mean  pressure  was  29  Ihs.  per  square  inch,  the  ship  running  10  miles  per 
hour,  then  taking  the  mean  pressure  to  he  32  Ihs.  per  square  inch :  what  is  the  speed  of  the 
ship? 

Press.  lbs.  PrQ88.1b8.     Speed. 
29      :      32    ::     lo* 
100 

29)3200(110*35 

29  I    I  MO*35(io-5 

—  I    I  I 


30 

29  205  I  1035 

I  1025 

100  — — 

87  10 

130 
145 

Speed  required  10*5  knots. 

Ex.  3.    A  shaft  in  a  marine  engine  was  making  20  revolutions,  and  the  speed  was  8 
knots :  what  will  he  the  spee4  if  the  revolutions  he  increased  to  25  P 

The  revolutions  of  the  crank  vary  as  the  cuhe  of  the  speed. 

Let  V  be  the  required  speed. 

g8-  =  W 

.  • .  V»  =  fj  X  83  =  fj  X  5 "  =  640, 
.  • .  V  =  •■  640  =  8*617  knots. 
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Ex.  4.    The  reyolutions  of  the  crank  of  a  marine  engine  are  24  per  minute,  and  the  speed 
10  knots :  the  revelations  are  increased  to  30 :  lind  the  increase  of  speed.     Ant.  ''j'j  knot. 

Ex.  5.    A  steamer  from  the  Tyne  to  Flambro*  Head,  a  distance  of  7  a  miles,  the  ooanter 
registers  35671  revolutions,  the  pitch  is  18  feet :  how  much  is  this  per  cent,  slip  P 

25671  rev.  6080)462078(76  engines. 

18  pitch.  42560 


205368  36478 

25671  36480 


462078  feet  gone. 


Distance  run  by  en^es     76 
„  „       ship  72 


As  76  miles    :     100    :      4 

4 

-76)400(5*26  per  cent  of  slip. 
380 

200 
480 

Ex.  6.  The  speed  of  a  ship  is  8  knots  per  hour  with  a  consumption  of  10  tons  per  day ; 
but  the  speed  is  increased  to  9  knots  per  hour,  and  the  consumption  to  13  tons  per  day : 
what  is  the  rate  of  cost  per  day  saved  F 


Given  formula  ^^^  "  ^^^ 

C,  =  13  tons 
E  =    8  knotg 

0   =  10  tons                      E^  =  0 
Ei=:    9  knots                     E    =8 

llien  z)i4 

14  Ana. 

104 
—  90 

90                                          I 

\ 


14 

Ex.  7.    Verify  the  above  formula  by  working  at  full  length  under  the  two  oonditiona  on 
a  voyage  of  2400  miles. 

Days  on  voyage  at  the  ist  rate  =  ^.q^^g  fa^^s  =  "'^J  ^y«- 

„  „  2nd,,    =5^^=ir4444&o. 

Tons  burnt  per  day  at  ist  rate  =  12*5  X  10  =  135 

„         „  2nd  „  =iiix  13  =  144* 

Di£fereinoe  of  consumption  =  14*4444  *—  125  =  i9*4444« 

Difference  of  days  =  12*5  ^  zi*iiii  =  1*3889. 

Then  19*4444  -4- 1*3889  =  14  Atmoer  as  before. 
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Ex.  A  ship  has  a  voyage  of  2640  knots  to  go ;  during  5  days  she  steamed  228,  236,  240, 
250,  and  232  knots  respectively,  up  to  Friday  at  9^  a.m.  On  what  day  and  hour  will  she 
arrive  at  her  port,  supposing  she  steams  lo^  knots  per  hour  the  rest  of  the  voyage  P 


Knots  steamed 
Knots  in  voyage 

Knots  to  steam 


22S 
236 
240 
250 
232 

1186 
2650 

1464 


10*25)  i464'oo(i42  hoors. 
,1025 


Knots  per  hour         10*25 


Time  142^  49™  45%  or 
„    5^  22>»  49'"  45». 


Ant. :  Thursday  7^  49^  45*  am. 


4390 
4100 

2900 
2050 

850 
60 

10*25)51000(49 
4100 


24{      

(    6)35-a 


lOOOO 


775 
60 

10*25)46500(45 
4100 


'5500 
375 
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No. 
I. 

2. 

3. 
4. 


Length  of 
Voyage. 

1 880  knots. 


2200 


f» 


«5«>    » 
3000    f, 


Knots  Bteuaed  per 
dmy,  reepectiTefy. 

6  d&jBf  184,  192,  208, 

196,  188,  and  192  knots. 

5  days,  216,  232,  240, 
228  and  224  knots. 

4  days,  149,  150, 147, 
and  160  knots. 

9  days,  246,  225,  259, 
260,  249,  230^  269, 
271,  and  282  knots. 


Time. 
Wednesday, 
at  midnight 

Sunday, 
at  noon. 

Friday, 

8t>A.M. 

Monday, 
3*»  P.M. 


Knots  steamed 
per  hour. 

7|  knots. 


9i 


8 


9i 


n 


n 


99 


Ant, :  Time  of 
arrival  at  port. 

Sunday, 
8»»  54»  i2»  P.M. 

Friday, 
3h  j4«  441  ^M. 

Tuesday, 
ii*»45»o«pji. 

Thursday, 
ah  a8»  25*  F.M. 


l^s 


TO  FIND  THE  MEAN   PRESSURE  THROUGHOUT 
THE  STROKE  WHEN  WORKING  EXPANSIVELY. 
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282.  Oiven  the  pressure  at  which  steam  is  admitted  into  the  cylinder, 
and  the  portion  of  the  stroke  at  which  it  is  cut  off;  it  is  required  to  find 
the  mean  pressure  throughout  the  stroke. 

We  now  proeeed  to  calculate  the  work  done  by  the  expansion  of  steam  into 
a  larger  volume  by  virtue  of  its  elasticity.  As  the  steam  expands,  its  elastic 
force  and  temperature  gradually  diminish ;  in  order,  therefore,  to  conduct 
the  calculation,  it  will  be  necessary  to  know  beforehand  the  law  according  to 
which  the  diminution  takes  place.  We  shall  assimie,  for  the  sake  of  simpli- 
city, that;Boyle  and  Marriotte's  law  applies      ^>>-  »• 

to  the  expansion  of  steam ;  it  may  be  thus 
enunciated : — If  a  given  weight  of  steam  be 
made  to  vary  its  volume  without  ehanging 
its  temperature,  the  ehitie  force  of  the  steam 
will  vary  in  the  inverse  ratio  of  the  volume 
it  is  made  to  occupy ;  that  is,  if  its  volume  E 
is  increased  two  times,  its  pressure  will 
be  about  one-half  of  what  it  was  at  first, 
and  so  on.  D 

Thus,  let  ABOD  be  a  cylinder,  EF  and  GH  any  two  positions  of  the 
piston ;  then  the  pressure  in  the  position  EF  is  the  pressure  in  the  position 
GH,  as  the  space  GHOD  is  to  the  space  EFOD. 

283.  In  this  question  four  different  methods  of  solution  are  given. 
Methods  I  and  n  being  those  mostly  used.  Method  m  is  performed  by 
uiing  a  short  table  of  given  multipliers,  and  is  a  very  short  and  easy  method. 
Method  IV  is  a  solution  of  the  question  given  by  Mr.  M'Farlane  Gray,  the 
Examiner  in  Steam. 

EULE  OXXVn.— (METHOD  I). 

This  is  Simpson's  Bule  for  finding  the  areas  of  irregular  curvilinear 
figures. 

1  ^.  Divide  the  oyUnd&r  into  any  number  of  equAl  parts,  (a) — If  the  steam  he 
cut  off  at  if  i,  i,  ^j  or  any  measure  of  12,  divide  the  cylinder  into  12  parts, 
(i) — If  cut  off  at  5tfas,  divide  it  into  10  equal  parts,  {p) — If  cut  off  at  7th8, 
divide  it  into  14  equal  parts,  {d) — If  cut  off  at  8ths,  divide  the  cylinder  into 
Imports. 

2®.  Divide  that  part  of  the  stroke  through  which  expansion  takes  place  inio 
any  even  number  of  equal  parts,  and  calculate  the  pressure  per  square  inch  up<m 
the  piston  at  each  division  of  the  stroke,  by  Marriotte's  law. 
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3°.  Take  the  sum  of  the  extreme  pressures  tn  pounds  per  square  inch,  four 
times  the  sum  0/  the  even  pressures,  and  twice  the  sum  of  the  odd  pressures ; 
then,  this  sum  multiplied  by  one-third  of  the  distance  between  the  conseca- 
tive  points  at  which  the  pressures  are  taken,  will  give  the  work  done  expan- 
fiivelj  per  square  inch  of  the  area  of  the  piston  in  one  stroke,  and  one-third 
this  sum  is  the  total  pressure  during  expansion.* 

4°.  To  this  add  the  total  pressure  before  es^ansion  and  divide  the  sum  by  the 
number  of  parts  into  which  the  cylinder  is  divided ;  the  result  is  the  whole 
work  done  during  a  single  stroke. 

NoTB.— The  work  done  before  the  expansion  begins  is  evidently  equal  to  the  pressuro 
per  square  inoh  multiplied  by  the  distance  described  before  expansion.  The  whole  work 
done  is  eqoal  to  the  sum  of  the  works  done  be/ore  and  qfUr  expansion. 

*  Oalonlation  of  work  done,  by  Simpson's  mle.  The  following  method  of  investigating 
the  qaestion,  has  the  advantage  of  depending  on  elementary  principles. 

Fig.  3. 

In  the  adjoining  figxure,  let  A  B  represent  the  volume  when  the 
steam  is  cnt  off;  then,  if  A  Bx  =  Bi  Bg  =  B^  Bay  &o. ;  A  Bs, 
A  Ba,  A  B4,  and  A  B5,  wiU  represent  the  volumes  when  tho 
steam  has  e^[)anded  into  doable,  treble,  &o.,  its  original  bulk. 
Let  the  perpendicular  B^  b^  represent  the  original  pressure  P, 
then  Btt  b^,  Ba  b^,  B4  &«,  and  B^  b^,  which  are  respectively 
it  h  if  if  of  Bi  &x,  will  represent  the  pressures  corresponding  to 
the  sevml  volumes.  A  continuous  curve  which,  in  this  case,  is  a 
hyperbolic,  passing  through  &i,  b^,  b^,  b^,  and  b^,  will  represent, 
by  its  ordinates  m  tn,  at  any  point  m  of  the  expansion,  the  pres- 
sure corresponding  to  the  volume  Am. 

At  the  point  m  the  pressure  is  represented  by  tn  tn',  the  work  -P^ 
done  tiierefbre  by  the  steam  on  one  square  inch  while  the  load  is 
moved  upward  through  the  indefinitely  small  space  m  m\  will  be 
the  product  of  tn  t%'  and  half  the  sum  of  m  n'  and  m  m',  or  the  mean 
pressure  m  n ;  but  tn  ny,\  {mm'  -^  n  ti')  \b  equal  to  the  trapezium 
mnn*  m\  the  whole  work  done,  therefore,  will  be  represented  by 
the  sum  of  all  these  elementary  trapeziums,  or  the  area  of  the 
curve  Bx  B0  b^  bi. 

^e  area  of  the  curve  may  be  found  very  exactly  by  Simpson's  rule,  viz.  :— 

.       ( sum  of  extreme  ordinates  +  4  even  ordinates )  ^  one-third  of 

\  +2  odd  ordinates  /  ^     interval. 

In  the  figure  the  ordinates  are  P,  J  P,  ^  P,  ^  P,  and  i  P,  and  the  interval  is  h,  therefore, 

Area={p+|.l.  4(1  +  1)  + »j}y  =  PAX  1-63 

multiply  by  144  a  the  number  of  square  inches  in  the  piston,  and  adding  the  work  done 
before  expansion, 

W  =  2-6a  uf, 

a  result  almost  identical  with  the  second  method  here  given. 

As  Simpson's  rule  requires  an  even  number  of  intervals,  it  is  necessary  when  the  number 
of  volumes  is  even,  as  for  instance  four,  in  which  case  there  will  be  only  three  intervals,  to 
bisect  each  interval,  insert  corresponding  ordinates,  and  multiply  by  one-sixth  of  the 
interval  h. 

The  ordinates  standing  at  the  middle  points  of  the  first,  second,  and  third  intervals  are 
}  P,  }  P,  and  f  P,  taking  account  merely  of  the  numerical  coefficients,  the  total  coefficient 
may  be  found  as  follows : — 

{«+i4(}  +  l  +  l)  +  »{J  +  «{Xi=i-38. 
to  which  adding  unity  for  the  work  done  by  expansion,  the  result  a'38. 
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To  find  the  Mean  Presmrej  ffc. 


Ex.  I.  Steam  is  admitted  into  the  cylinder  at  35  lbs.  per  square  inch  above  the  atmo- 
sphere,  and  is  cut  off  at  }ths  of  the  stroke :  required  Uie  mean  pressure  on  the  piston 
throughout  the  stroke,  supposing  the  vacuum  to  be  perfect. 

In  the  above  example  the  pressure  of  the  atmosphere  is  15  lbs.  per  square  inch,  and  the 
steam  is  admitted  into  the  cylinder  at  25  lbs.  per  square  inch  above  the  atmosphere, 
therefore,  the  effective  pressure  per  square  inch  on  the  piston  at  first  is  40  lbs.  per  square 
inch ;  but,  when  the  piston  has  travelled  f  the  length  of  the  cylinder  the  steam  is  out  off, 
and  the  piston  travels  the  remaining  }  by  the  expansive  force  of  the  steam  already  admitted. 

Let  the  accompanying  figure  represent  the  cylinder ;  divide  AP  into  10  equal  parts  (see 
Rule  OXXyn,  I*"  ^) ;  then  }  of  the  cylinder  is  equal  to  four  of  these  parts,  and  at  the  fourth 
line  from  the  top  nuurk  the  position  of  the  piston  when  the  steam  is  cut  off,  viz.,  OPD :  and 
at  all  the  other  points  draw  horizontal  lines  to  represent  the  position  of  the  piston  at  the 


Pig.  4« 


'^»»^»»mmmmm»m 
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several  instants  chosen.  Then  the  four  parallelograms  above  the  piston  (above  OPD) 
represent  the  pressure  of  the  steam  at  the  ist,  and,  3rd,  and  4th  instants,  and  since  the 
pressure  is  constant  during  this  part  of  the  stroke,  40  lbs.  X  4  :=  160  lbs.  is  the  total 
pressure  before  the  steam  is  cut  off.  The  pressure  of  the  steam  upon  the  piston  when  it 
arrives  at  the  different  points  of  division  after  the  steam  is  cut  off,  is  ascertained  by 
Marriotte's  law  (see  fig.  a,  p.  378),  thus  :— 

Space  AEFB  :  space  AODB  : :  P  :  Pi ;  or,  which  is  the  same,  as  AE  :  AO  : :  P  :  Pi* 


AlsoAG    : 

AO    : 

:    P    :    P, 

AI    : 

AO    : 

:    P    :    P. 

AL    : 

AO    : 

:    P    :    P* 

AN    : 

AO    : 

:    P    :    P5 

AP    : 

AO    : 

:    P    I    Pe 

k 


Where  P  is  the  full  pressure;  Pi  the  pressure  when  the  piston  is  in  the  position  EF ; 
Ft  the  pressure  when  the  piston  is  in  the  position  OH ;  Pa  the  pressure  when  the  piston  is 
Sn  the  position  IK,  &o. 
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Then  as  5    :    4    : :    40    :    Pi  = =  3a  lbs.  (2)  even 


40X4 
6    :    4    : :    40    :    Pa  = =  36-66667        (3)  odd 


40X4 

7  :    4    ::    40    :    Pa  = =  a2*857i4        (4)  eron 

7 

40  X  4 

8  :    4    ::    40    :    P4  = =  ao  (5)  odd 

8 

40X4 

9  :    4    : :    40    :    P5  = =  17-77778        (6)  eyen 


40X4 

10    :    4    : :    40    :    Pa  = =  16  (7)  last 

10 

ODM. 

3a  36*66667  First  40 

33*85714  30  Last  16 

17*77778  ■  Evens  390*53968 

'  ^6'6666rj  Odds  93*33334 

73*63493  3  — ^^ 

4  3)439"873oa 

93*33334 


390*53968  146-63434 

Total  pressore  during  expansion  146*62434 

Total  pressure  before  expansion  160 

10)306*63434 

Mean  pNSBure  throughout  the  stroke  =  30*6634 

Ex.    What  is  the  meohanioal  effioienqr  gained  in  comparison  to  steam  being  admitted 
the  whole  length  of  the  stroke  P 

The  meohanioal  effidenoy  is  found  by  dividing  the  mean  pressure  by  the  terminal 
pressure. 

Here  the  mean  pressure  is  30*6624  lbs.,  and  terminal  pressure  16  lbs. 


.«( 


4)30-6634 


I   4)7-6656 


1*9164  the  meohanioal  effidenoy. 

284.  The  foregoing  Method  (Simpson's)  of  determining  the  mean  pressure 
on  the  piston,  requiring  the  divisions  of  the  cylinder  to  be  numerous,  renders 
the  operation  tedious  and  lengthy.  Fortunately,  however,  we  can  dispense 
with  this  part  of  the  calculation  altogether,  for  the  Naperian  or  hyperbolic 
logarithms  as  set  forth  in  the  following  Table  furnish  to  our  hand  the  ratios 
of  pressures. 
00 
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A  TABLE  OF  HYPEEBOLIO  L0GAEITHM8. 


KO. 

LOO. 

KO. 

LOO. 

KO. 

LOO. 

KO. 

LOO. 

101 

©•00995 

2*26 

0*81093 

4*50 

* 
1*50408 

7*25 

I-981OO 

1-11 

0*10436 

2-50 

0*91629 

4*75 

i'558'4 

7-50 

2*01490 

1-14 

0-13103 

2-66 

0-97833 

5  00 

1*60944 

7-75 

2-04769 

1-26 

0-22314 

2-76 

I-OII60 

5*25 

I  65823 

8-00 

a-97944 

1-33 

0-28518 

3-00 

1*09861 

5*50 

'•70475 

8*25 

a*ii02i 

1-42 

0-35066 

3-26 

1-17865 

5*75 

1-74920 

8*50 

2-14007 

1-60 

0-40547 

3*33 

1-20297 

6*00 

1-79176 

8*75 

2-16905 

1-60 

0-47000 

3-60 

1-25276 

6*25 

183258 

9*00 

2*19722 

1-66 

0*50682 

3-76 

I-32I76 

6*50 

1-87180 

9-25 

a- 22462 

175 

055962 

4-00 

1*38629 

6*75 

1*90954 

9-50 

2*25129 

2-00 

0*69315 

4-25 

1-44692 

700 

'•94591 

9*75 

2*27727 

2-26 

0*81093 

4*50 

1-50408 

7-25 

1*98100 

1000 

*'3oa59 

The  theoretical  curve  of  expansion  is  an  hyperbola  of  which  AX  and  AY| 
Fig.  ^y  are  the  asymptotes,  or  lines  which  the  cunre  cuts  at  an  infinite 
distance. 

Now  the  rectangle  ABO  m,  represents  the  mechanical  effect  of  the  steam 
before  ezpansiony  and  the  area  OYDE  m,  represents  the  mechanical  effect 
during  expansion. 

We  call  the  area  ABO  m  unity,  and  we  will  find  the  area  OYDE  m,  by  means 


Fig.  5. 


of  Naperian  logarithms.  These 
have  the  number  2*7182818  for  a 
base,  and  the  Naperian  logarithm 
of  any  number  may  be  found  from 
the  common  logarithm  by  multiply- 
ing the  latter  by  2'30258509.*  They 
are  frequently  called  hyperbolic 
logarithms,  because  the  numbers 
express  the  areas  between  the 
asymptotes  and  curve  of  the  hyper- 
bola ;  these  areas  being  limited  by 
ordinates  parallel  to  the  asymptotes. 
But  such  areas  may  be  made  to  denote  any  system  of  logarithms  whatever. 
In  the  case  of  the  hyperbolic  logarithms,  however,  the  asymptotes  are  at 
right-angles  to  each  other,  and  hence  we  see  that  the  Naperian,  or  hyperbolic 
logarithm  of  the  asymptote  of  the  hyperbola  in  question  is  n  x  A  m  =  n, 
where  n  represents  the  number  of  times  the  line  A  m,  which  is  imity,  is 
contained  in  AE. 

Hence,  in  order  to  find  the  mechanical  effect  of  the  steam  during  expansion, 
we  have  only  to  divide  the  space  passed  over  by  the  piston  before  expansion 
(which  we  call  unity),  by  the  number  of  such  spaces  in  the  whole  length  of 

*  Very  extensive  tables  of  hyperbolic  logarithmB  are  contained  in  Dr,  Hatton'a  Biathe- 
^ni^fcical  Tables,  and  in  many  other  Works. 
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the  cylinder  (which  we  call  n\  and  take  the  Naperian  logarithm  of  the 
reciprocal  of  this  fraction.  Adding  the  work  performed  before  expansion 
we  have  the  total  mechanical  effect  of  the  steam  during  one  stroke. 

But  the  mechanical  effect  is  equal  to  the  mean  pressure  mi^tiplied  by  the 
distance  over  which  it  is  exerted.  So  we  can  obtain  the  mean  pressure  by 
multiplying  the  mechanical  effect  by  the  initial  pressure,  and  dividing  by  », 
the  distance  through  which  the  force  of  the  steam  is  exerted;  hence  the 
following  Bule. 

EULE  CXXVJJUL.— (METHOD  H). 

BY  HYPEEBOUO  LOGARITHMS. 

1°.  Divide  the  whole  length  of  the  stroke  hy  the  distance  through  which  the 
piston  mov08  before  the  steam  ie  cut  off,  the  quotient  is  the  ratio  of  expansion. 

2°.  Divide  the  pressure  0/  the  steam  in  pounds  per  square  inch  hy  the  ratio 
of  expansion /oMfM^  hy  No.  i^ 

3*^.    Find  the  hyperbolic  logarithm  (see  preceding  table)  of  the  ratio  of 

expansion,  to  which  add  i,  the  result  represents  the  increase  of  efficiency  due 

to  expansion. 

Ex.  I.  Suppose  that  the  steam  be  out  off  at  Atha  of  the  stroke :  what  is  the  inoreaae  of 
effioienoy  due  to  expansion  P 

Here  it  is  plain  that  -Aths  of  the  whole  stroke  is  the  same  as  7^  of  the  whole  stroke.  The 
hyperbolic  logarithm  of  7*5  is  a'015,  which  increased  by  i,  the  value  of  the  portion  per- 
formed with  fall  pressure  gives  3*015  as  the  relative  efficacy  of  the  steam  when  expanded  to 
this  extent,  instead  of  i,  which  would  have  been  the  efficacy  if  there  had  been  no  expansion. 

If  the  steam  be  cut  off  at  ^^  the  ratio  of  expansion  will  be  8 ;  if  cut  off  at  f  (=:  \)  the 
ratio  will  be  4 ;  similarly,  if  the  steam  be  cut  off  at  |,  f ,  f ,  f ,  or  f  ths,  the  respective  ratios 
of  expansion  will  be  2*66,  2,  1*6,  1*33,  and  1*14,  which  may  be  obtained  by  dividing  the 
denominator  of  each  by  its  numerator ;  and  if  the  steam  be  cut  off  at  1^,  1^,  1^,  1^,  1^,  1%, 
1^*  i^t  Of  Aths  of  the  stroke,  the  respective  ratios  of  expansion  will  be  10, 5,  3*33, 2*5,  i*66| 
1*42,  i'25,  and  i*ii. 

4°.    Finally^  multiply  thie  result  (foimd  by  No.  3^)  hy  the  quotient  obtained 

hy  No.  2^,  which  gives  the  mean  pressure  throughout  the  stroke  in  lbs.  per 

square  inch. 

NoTB  (a) — Should  the  number  representing  the  ratio  of  expansion  not  be  found  exactly 
in  the  table,  find  the  proportionate  part  between  the  two  hyperbolic  logs,  corresponding  to 
nest  less  and  the  next  greater  number,  and  add  it  to  the  hyperbolic  log.  corresponding  to 
the  less  number ;  the  sum  is  the  hyperbolic  log.  sought  for. 

Solution  of  Ex.  i,  page  280,  by  Method  II. 

40  -7-  2*5  =  16. 
a)5  a'5)4o(i6 

—  25 

2*5  ratio  of  expansion.  — 

150 
150 

Batio  of  expansion  2-5  hyperbolio  logarithm  =    91629 

+  1^ 

Total  meohanioal  effect   1*91629 
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Mean  pressare  =  1*9 1629  x  16  =  30*66064  lbs. 

1*91629 
16 


I 149774 
191629 


Mean  pressnre  30*66064 

Here  it  is  plain  that  f  of  the  whole  stroke  is  the  same  as  vf^  of  the  whole  stroke.  The 
hyperbolic  logarithm  of  2*5  (see  table)  is  '91629,  which  increased  by  i,  the  value  of  the 
portion  performed  with  fall  pressare  gives  1*91629  as  the  relative  efficacy  of  the  steam  when 
expanded  to  this  extent,  instead  of  i,  which  woold  have  been  the  efficacy  if  there  had  been 
no  expansion. 

We  next  divide  the  initial  pressure  of  the  steam,  viz.,  40  lbs.  per  square  inch  by  the  ratio 
of  expansion,  viz.,  2*5,  the  quotient  is  16.  The  h3rperbolic  logarithm,  increased  by  i,  of  the 
number  representing  the  ratio  of  expansion,  viz.,  1*91629,  multiplied  by  the  quotient  last 
found  (16)  gives  30*66064,  the  mean  pressare  throughout  the  stroke. 

EULE  OXXTX.— (METHOD  HE). 
BY  EXPANSION  TABLE. 

1°.  Divide  the  length  of  the  stroke  hy  the  distance  the  pUUm  movee  before 
the  steam  is  cut  off,  the  quotient  wiU  express  the  relative  expansion  it  undergoes. 

2°.  Take  frwn  the  annexed  Tabus  the  multiplier  eorrespandinff  to  this 
number,  and  multiply  it  hy  the  full  pressure  of  steam  per  squa/re  inch  on  entering 
the  cylinder  ;  the  product  wiU  he  the  mean  pressure  per  square  inch  nearly. 

TABLE  OF  MULTIPLEBES. 


1 

!■ 
1- 
1 
1" 
!■ 
1- 
1 
!■ 
!■ 
2 


0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
0 


MultipUer. 


1*00000 

o*99S74 
0-98527 

0-97105 

0-95462 

0*93698 

0*91875 

0-90037 

0-88210 

0*86413 

0-84657 


2-0 
2*1 
2-2 
2-3 
2-4 
2*6 
2-6 
2-7 
2-8 
2-9 
8-0 


Multiplier. 


•84657 
•82949 
•81294 
•79692 

•78145 
•76652 

•75212 

-73824 

•72486 

•7  "97 
•^954 


I 


I 
I 


8-0 
3*1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
39 
40 


Multiplier. 


•69954 

•68755 

•67598 
•66482 

•65405 
•64365 

•63359 
•62387 

•61447 

'60538 

•59657 


4-0 
4-1 
4-2 
4-3 
4-4 
4-6 
4-6 
4*7 
4*8 
4*9 
6-0 


Multiplier. 


•59657 
-58805 

•57978 

•57177 
*56400 

•55646 

•549H 

•54*03 

•535>3 
•51842 
*52i89 


9g 

•I '2 


il 


6-0 
6-1 
6-2 
6-3 
6-4 
6-6 
6-6 
6-7 
6-8 
6-9 
6-0 


MultipUer. 


•52189 

•5 '554 
•50936 

•50334 
•49748 

•49'77 
•48621 

•48078 

•47549 
•47033 
•465*9 


The  multipliert  in  this  table  are  foand  by  adding  one  to  each  of  the  hyperbolio  logarithms 
of  the  relative  ezpanBionB,  and  then  dividing  the  sums  by  the  relative  expansions. 

NoTB. — If  the  nnmber  be  not  found  exactly  in  the  Table,  find  the  proportional  part 
between  the  mnltipliers  corresponding  to  the  next  greater  and  the  next  lest  number,  whioh, 
being  subtracted  from  the  first  of  the  two  multipliers,  will  give  the  one  required. 

Besuming  the  question  on  page  280. 

2)5-0 


2'S  ratio  of  expansion. 
2*5  g^ves  in  table  the  multiplier  =  '76652 

Initial  pressure  =  40  lbs. 

Meiui  pnemn     30*66080  Ibt. 
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EULE  OXXX.— (METHOD  IV). 

BY  AEITHMEnO. 

i^  Take  aLeven  ordiiuUee,  marking  at  hehw  the  mmbere  o,  if  2,  3,  4,  5,  6|  7, 
8y  9i  and  iO|  dhoaye  under  one  another  (see  Skample  following). 

2^  jSm^nm  i^  ratio  of  expansion  to  a  deoimal  if  it  ia  not  aiready  to 
expressed. 

3^  Ifote  the  first  figure  0/  the  decimal,  and  dr^  a  Une  to  mark  the  ''  cut 
off"  below  the  same  figure  in  the  column  of  ordinates. 

4^  Opposite  eaeh  number  f except  the  firstj  aboye  the  Une  (see  No.  3°)  put  *i| 
but /or  the  first  number  put  '05,  fohich  is  halff^*i, 

5°.  BvMe  the  decimal  0/  the  ratio  of  expansion^  found  as  dove  (No.  2^),  by 
each  of  the  other  numbers  below,  in  succession;  but  for  the  last  write  down  half 
an  ordinate. 

6^.  Mnd  the  sum  of  all  these  lines,  and  multiply  it  by  the  given  pressure ; 
the  result  is  the  mean  pressure  on  the  piston  throughout  the  stroke. 

Besaming  the  question  on  page  a  80. 

*4  ratio  of  expansion. 


The  yalne  of  eaoh  ordinate  Mow  the  oat  off  is 
foond  bv  dividing  the  deoinud  of  ratio  of  ex- 
pansion by  the  nmnber,  thus,  the  first  below  the 
cut-off  is  5 ;  divide  *4  bv  5,  whidi  gives  *o8 ; 
next  divide  *4  by  6  —  *o66666 ;  then  divide  *4  by 
7  =  -057143  nearly,  X  •4hy  «  =  -05 ;  •4by  q  = 
'044444  ko, ;  and  last  *4  by  10  =  -04;  but  then 
since  the  last  ordinate  has  always  to  be  halved,  it 
is  therefore  *03.  Arranging  aU  these  as  in  tiie 
margin,  and  adding  them  together,  multiply 
the  sum  by  the  effective  pressure,  the  product  is 
the  mean  pressure  throughout  the  stroke. 


0 
I 

(i  ordinate) 

•05 
•I 

3 

•I 

3 

4 

•I 

•I 

1 

•08 
•066666 

7 
8 

9 
10 

a  ordinate) 

-057143 
•05 

•044444 
•02 

•768253 
40 

Mean  pressure  30*730120  lbs. 


Ex.  2.  Steam  is  admitted  into  the  cylinder  at  65  lbs.  per  square  inch  above  the  atmo- 
sphere, and  cut  off  i  of  the  stroke :  required  the  mean  pressure  on  the  piston  throughout 
the  stroke,  supposing  the  vacuum  to  be  perfect 

The  pressure  of  the  atmosphere  is  15  lbs.  an4  in  this  flxample  the  steam  flows  from  the 
boiler  through  the  steam  pipe  into  the  cylinder  with  a  pressure  of  6$  lbs.  per  square  inch 
above  the  atmosphere;  therefore^  the  effective  pressure  on  the  piston  is  80  lbs.  per  square 
inch ;  but  the  flow  of  the  steam  is  stopped  when  the  piston  has  performed  i  of  the  stroke, 
leaving  the  rest  of  the  stroke  (i)  to  be  completed  1^  the  eiyanding  IbroC  of  the  steam. 

We  divide  the  cylinder  into  tm  equal  parts  (see  Bole  OZXyil,  i<»  b),  then  i  of  the 
cylinder  equals  two  of  these  parti;  and  at  the  aaoond  from  the  top  mark  the  position  of  the 
piston  OPD,  and  at  all  the  other  points  of  division  draw  horiiontal  lines  which  will  re- 
present the  position  of  the  piston  at  the  different  instants  chosen.  Ihe  two  rectangles 
above  OPD  represent  the  pressure  of  the  steam  at  the  ist  and  2nd  instants,  and  since  the 
pressuro  of  steam,  during  this  portion  of  the  stroke^  is  constant,  80  lbs.  X  a  =  160  lbs.  s= 
the  pgMSure  of  steam  before  the  flow  of  the  steam  ii  d^t  off  from  t^e 
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k 


The  preflflure  of  the  expanding  Bteam  daring  the  remaining  portion  of  the  itxoke,  as 
oaloulated  by  Marriotte's  law  (fig.  2,  p.  278),  is  as  follows : 

a  X  80 


% 


10 


30 


30 


30 


30 


30 


30 


30 


30 


Pi  = 


Pa  = 


P.  = 


P*  = 


P.  = 


BTBNS. 

53*333333 

3» 

22-857143 

17-777777 

125-968253 

4 

503-873012 


P7  = 


P.  = 


ODDS. 
40 

26*66666 

20 

86-66666 


3 

X80 

4 
X  80 

5 
X  80 

6 
X  80 

7 
X  80 

8 
X80 

9 
X  80 

10 


=         53*33333  pressure  oven 


=         40  odd 


=         32  even 


=  26-66666  odd 


=         a»*857 143  even 


20  odd 


=  17 '77777  oven 


=  16  last 


First  80 

Last  16 

Evens  503-873012 

Odds  173*333333 

3)773-206345 


I73*3333» 


Total  pressure  during  expansion  257*735448  lbs. 


Total  pressure  during  expansion  257-735448  lbs. 

Total  pressure  before  expansion  (80  X  2)  160 

10)417-735448 

Mean  pressure  throughout  the  stroke  41 '773      lbs. 

METHOD  n.— (BY  HYPEEBOLIO  LOGAEITHMS). 

1)5  80  lbs. 

—  —  =16  lbs. 

5  the  ratio  of  expuisioo.  5 

Batio  of  expansion  5,  its  hyperboUo  log.  ^  1*60944 

Increase  of  effidenoy  due  to  expansion  2*60944 

Mean  pressure  3*60944  X  16  =  41*75104  lbs. 

2*60944 
16 


1565664 
260944 


Mean  pressure  throughout  the  stroke  41*75104  lbs. 
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The  denominator  of  the  fraction  {i)  expressing  the  part  of  the  stroke  at  which  the  steam 
18  ont  ott,  being  z  we  merely  take  the  hyperbolic  log.  of  the  denominator  5,  which  is 
1*60944;  to  this  we  add  z,  the  yalne  of  the  portion  performed  bj  the  frdl  pressure^  which 
giTes  a*6o944  as  the  relatiTO  efficiency  of  the  steam  when  expanded  to  this  extent,  instead 
of  I,  which  wonld  have  been  the  efficiency  had  there  been  no  expansion. 

We  multiply  this  last  result  by  16,  the  quotient  obtained  by  dividing  the  initial  pressure 
80  lbs.  by  the  ratio  of  expansion  5 :  the  product  ^  41*78104  lbs.  :=  the  mean  pressure 
fhroughout  the  stroke. 

METHOD  m.— (BY  EXPANSION  TABLE). 

The  ratio  of  expansion  as  before  is  5. 

S  in  the  table  gives  the  multiplier  '52180 

Multiplied  by  the  initial  pressure  80  lbs. 

Mean  pressure  throughout  the  stroke    41*7512  lbs. 

METHOD  IV.--(BT  ME.  MTAELANE  GEAT). 

*  =  5)»*o 

*2  =  ratio  of  expansion. 

o    (}  ordinate)    '05 

1  •! 

2  •! 


3 

•06667 

4 

•05 

5 

•04 

6 

•03333 

7 

•03857 

8 

•025 

9 

•\    *03222 

10 

(}  ordinate)^^  *oi 

'     "^^^L 

Mean  pressure  throughout  the  stroke    42*0632  lbs. 

Ex.  3.  Steam  is  admitted  into  the  cylinder  at  35  lbs.  pressure  per  square  inch  above  the 
atmosphere,  and  is  cut  off  at  i  the  slroke;  required  the  mean  pressure  throughout  the 
stroke,  supposing  the  vacuum  to  be  perfect. 

The  pressure  of  the  atmosphere  is  15  lbs.  per  square  inch,  and  the  steam  admitted  into 
the  cylinder  is  35  lbs.  per  square  inch  abo9$  the  atmosphere,  therefore  the  effective  pressure 
per  square  inch  on  the  piston  is  50  lbs. ;  but,  when  the  piston  has  travelled  i  the  length  of 
the  cylinder  the  steam  is  cut  off,  and  the  piston  performs  the  remaining  |  by  the  expansive 
force  of  the  steam  already  admitted. 

Draw  a  figure  ABPQ  (see  fig.  4,  p.  280)  to  represent  the  cylinder,  which  divide  into 
heekf$  equal  parts  (this  is  according  to  Bule  CXXVII,  i^  a) ;  the  i  of  the  cylinder  will  be 
equal  to  two  of  these  parts,  then  at  the  2nd  line  from  the  top  draw  a  line  GPD  to  represent 
the  position  of  the  piston  when  the  steam  is  cut  off,  at  the  other  points  draw  lines  to  denote 
the  position  of  the  piston  at  the  differeut  instants  chosen.  Then  the  two  rectangles  above 
OPD  represents  the  pressure  at  the  Jirst  and  second  instants ;  and,  since  the  pressure  is 
constant,  50  lbs.  X  2  =  100  lbs.  is  the  total  pressure  before  the  steam  is  cut  off;  and  the 
pressure  of  the  piston  when  it  arrives  at  the  different  lines  forming  the  divisions  of  the 
iremaining  part  of  the  stroke  is  determined  b^  Marriotte's  law  ae  followq : 
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50  X  a  -r  3  =  33*33333  o^en,  50  X  a  -r  4  =  »5  odd,  50  X  a  -7-  5  =  a©  «▼«»»  5®  X  a  -r 
6  =  16-66667  odd,  50  X  a  ^  7  =  14-33571  even,  50  X  a  -f.  8  =  i2'5  odd,  50  X  a  -2-  9  = 
ii-iiiii  even,  50  X  a  -f-  10  =  10  odd,  50  X  a  -J- 11  =  9-09091  even,  50  X  a  -f-  za  = 

8-33333  la«*- 
Then  by  Simpaon'B  rule  we  have^ 

50  lbs.  -|-  8*33333 1^*  =  58*33333  lbs.  :=  ■nm  of  extreme  preflsnre. 

■VXK8.  ODDS. 

33*33333  .  *                aj 

ao  l6^6666^ 

14-38571  ia-5 

ii'iiiii  10 

9-0909Z  - 

■  64*16667  =  sum  of  odd  preaBore. 

87*83106  =  Bum  of  even  pr^More.          a 

4 


138*33334  ==  twice  Bum  of  odd  preasnze. 


\ 


351*38434  r=  4  Umei  sum  of  even  preflsnre. 

Sam  of  extreme  pressnres  =      58*33333  lbs. 

Four  times  Bom  of  even  prsflsnres  =    351*38434  lbs. 
Twioe  snm  of  odd  pressures  =    138-33334  lbs. 

3)537'9509' 

Total  presBore  doing  expansion  '79'3i^97 

.  Total  pressose  before  expansion  100 

13)379*31697 

Mean  pressore  thnoghont  tlie  stroke     33*3764  lbs. 

METHOD  n.-<BY  HYPEEBOMO  LOGAEITHMS). 
1)6  50 

6  tlie  ratio  of  expansion.  6)50 

8*3333 

6,  its  hyperboUo  log.  1*79176  4*  <  =  3*79176  X  8*3333  =  a3*364573  lbs.,  the  mean 

pressure  throughout  the  stroke. 

KoTx.—When  it  is  stated  that  the  steam  is  cut  off  at  i,  i, },  &a,  of  the  stroke,  there  is 
no  necessity  for  dividing  the  whole  distance  moved  by  the  piston  by  the  distance  it  moves 
before  expansion ;  we  need  only  find  the  hyperbolic  logarithm  of  the  denoniinator  of  the 
fraction,  and  add  unity  to  it.  In  this  instfuice,  the  denominator  of  the  fraction  (i)  is  6 ; 
the  hyperbolic  logariUmi  of  this  is  found  in  the  table  to  be  1*79176 ;  to  this  we  add  i,  which 
gives  3*79176,  the  increase  of  efficiency  due  to  expansion.  This  is  next  multiplied  by  8  '3333, 
the  quotient  obtained  by  dividing  the  pressure  of  steam  50  lbs.  by  the  ratio  of  expansion  6 ; 
the  result  is  the  mean  pressure  throughout  the  stroke. 

METHOD  ni.-<Blf  THE  EXPANSION  TABLE). 

1)6 

6  ralip  of  expansion  =  6. 

6  g^ves  in  the  table  the  multiplier  =  '46539 
Multiply  by  initiiJ  pressure  50 

a3'3645  lbs. 
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METHOD  IV.— (BY  MB.  M'FABLANE  GBAY). 

'16667  where  the  ratio  of  ezpaniion  \  ezpreesed  decimally  is  *i6667, 

•16667, 
o    {\  ordinate)    '05 
z  •! 


a  '08333 

3  'OSSS^ 

4  •o4«67 

5  '03333 

6  '02778 

7  '02381 

8  *02o83 

9  -.  '01852 
10    (^ordinate)    '00833 

'46316 
Multiplied  by  initial  preeenre  50 

Mean  preenure  23' 1580  Ibe. 

^^^rAlf^>T.»a   FOB   P&AOTIGB. 

In  each  of  the  following  examples,  the  pressure  of  the  initial  pressure  of 
the  steam  and  the  ratio  of  expansion  are  giveni  to  find  the  mean  pressure 
throughout  the  stroke. 


No. 

FnMoxe. 

BaUo. 

No. 

FrBsinM. 

lUtio. 

I. 

26lbi. 

+ 

«5 

i 

4. 

20  lbs. 

+ 

«s 

\ 

2. 

28 

\ 

5- 

23 

} 

3. 

rt 

\ 

6. 

20 

} 

Ex.  I.    Steatt  by  tiie  gauge  ia  20  lbs.,  and  is  oat  off  at  1 1  inches  of  the  stroke,  which  is 
30  inches :  find  the  moan  pressure  throughout  the  stroke. 

30)11 


'3667  decimal  of  eat-off. 

^ofo    ......     '05  Gkoge  2o]1iB. 

1  ...•••     'I  Atmosphere  15  lbs« 

2     •!  — 

3 •!  Qtoss  35  lbs. 

4     •09«t 

5     '0733 

6  ......     '0611  NoTB. — Obsenre  that  if  the  steam  had 

7  ••..••     '0524  been  given  ift  20  lbs.  gross,  then  20  would 

8  •....•     '0458  be  the  multiplier,  not  35  (20  -}- 15), 

9     '0407 

Jofio     ......     '0183 

•7333 
35 

3^5 
»'999 

25*6655  mean  pressure  throughoot  the  stroke. 
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4 


Ex.  1.  An  engine  has  a  cylinder  56  inches  diameter,  the  length  of  stroke  54  inches, 
making  60  revolutions  per  minute,  the  steam  is  cut  off  at  3  a  inches,  the  pressure  of  steam 
maintained  to  the  cut-off  was  42  lbs,  per  square  inch  above  the  atmosphere,  and  the  vacuum 
was  9*4  lbs.*:  what  is  the  indicated  horse-power  ? 


54 


(6)32 


9)53333 
•59*^ 


Out-off  32" 

—  ^  '5926  decimal  of  cut-off. 
Stroke  54 


Steam  42  lbs. 

Atmosphere  15 


Gross 


57 


Full  vacuum  15 
Working  do.    9*4 

Backpressure  5*6 


o    \  ordinate    '05 
I 

a 

3 

4 

5 


Diameter  of  cylinder    56* 

56 

33^ 
280 

12  =  3136 

'7854 

»a54+ 
15680 

25088 
ai95» 

Area  =  2463*0144 
Twice  stroke  in  feet  9 


6  '09877 

7  '08466 

8  '07407 

9  '065  84 
ID  \  ordinate    '02963 

•90297 
57 


632079 
45*485 


51-46929 

Back  pressure    5*6 

Mean  effective  pressure  =  45*87 

1 330027*776 
45-87 


22167*1296 

60  revolutions. 


9310194432 
10640222208 
6650138880 
5320111104 


1330027*7760 


33000)61008374*08512 
11)20336-124 
1848-738 

Ex.  3.  If  P  is  the  gross  pressure  of  the  steam  at  the  beginning  of  the  stroke,  and  B  the 
number  of  times  the  steam  is  expanded, 

Then  P  X  Q^^  +  §)  =  ™®*^  pressure. 

QMttum,  What  is  the  H.P.  if  the  diameter  of  cylinder  is  52',  stroke  36',  steam  gauge 
showed  60  lbs.,  steam  cut  off  at  12  inches,  revolutions  per  minute  70,  and  back  pressure 

a'5  lb«« 

Here  P  ^  60  lbs.  -|-  15  lbs.  =  75  lbs. 

B  ^  36  lbs.  -r  12  lbs.  ^  3  lbs. 
/ .  75  C^^  +  "y)  =  75  X  -658  =  49-35  lbs.  gross  mean  pressure, 

. ' .  mean  effective  pressure  =  49*35  ~-  2*5  =  46*85  lbs., 

Then^"^"^^^^^/-^^^3Xi4o_  „gg        Hp^ 

33000  •'  ' 

Ex.  4.  The  steam  gauge  shows  60  lbs.,  and  this  pressure  is  carried  for  11*  of  the  stroke, 
length  of  stroke  33"^,  and  mean  effective  pressure  52^  lbs. :  what  is  the  co-efficient  of 
efficiency  ? 

Tj„l-    ri meanpreaggre  x  length  of  stroke ga^  Iba.  x  33 ^ 

tane, «/  —  gcoflBpxwsiinl  x  (lenfUiorfftrolM'+oleanuioe)  "     75  x  iij    ""  ' 
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Examples  fob  P&aotiob. 

Dia.  Length  of  Bevolutions  Steam  Prera.  per  Aau, 

No.           Qjrlinder.  Stroke.  per  minute.  cut  off.  sq.  inch.  Vacuum.  Hone-poww. 

in.  in.  in.  lbs.  lbs.  ^ 

I-       $6  54       60  3a  4»  9*4  1848-738 

a.       64  56      58  28  50  12*5  a784'953. 

3.       74  48       64  25  65  13-  3696-692 


CUTTING  OFF  STEAM. 

Let  8  =  stroke  of  engine  in  inches. 
T  =  travel  of  valve  in  inches. 
L  =  lap  of  valve  in  inches. 
/  =  lead  of  valve  in  inches. 
D  =  dist'tnce  of  piston  from  end  ot  stroke. 
X  =  cnt-off. 


Then 


EULE  OXXXT. 


Multiply  the  lap  or  cover  hy  2  and  add  the  lead,  divide  the  eum  hy  ike  travel f 
square  the  quotient^  and  multiply  it  hy  the  length  of  stroke  in  inches,  the  product 
is  the  distance  of  piston  from  the  end  of  stroke  when  the  steam  is  cut  off. 

NoTB. — ^The  length  of  stroke,  minns  the  last  prodnot,  equals  the  distance  the  piston  will 
have  travelled  when  the  steam  is  oat  off. 

Examples. 

Elx.  I.  The  stroke  of  an  engine  is  24  inches,  the  slide-valve  travel  is  8  inches,  the  cover 
on  the  steam  port  is  1}  inches,  and  the  lead  is  ^  inch :  at  what  distance  from  the  end  of  the 
stroke  will  the  piston  be  when  the  steam  is  cut  off  ?    (Neglecting  the  obliquity  of  the  rods.) 

The  distance  the  piston  is  from  end  of  stroke  =  (^'5  x  a  +  -las)'  x  14 

Lap  i^  inches  =1*5  inches.  or,    Lap  =1*5  inches. 

2  }  lead  -(-  -0625 

3-0  Divide  by  }  travel  4)  i  -5625 

Lead  ^  inch     =    -125  '                   ' 

'3906 

8)3-125  -3906 

Divided  by  travel  =  -3906  23436 

•390^  351540 


23436 


11718 


35«54  •15256836 

11718  24 

•r5256836  61027344 

Length  of  stroke            24  305 1 367  2 

61027344  3*66164064 
30513672 


Distance  from  end  of  stroke  3  66 164064  inches.  An$, :  nearly  3I  inches. 

Ex.  2.    GKven  as  above  to  find  what  part  of  the  stroke  has  been  completed  when  the 
steam  has  been  cut  off. 

Then  stroke  =  24  inches  —  3*66  =  20*34  inches  ^  part  completed. 


i^i  To  find  the  Mmh  Pteuwr^t  Spe. 

Ex.  3.    Given  as  aboTe  to  find  at  what  part  of  the  stroke  the  steam  b  cat  off. 

Proceeding  as  above,  then  f{  nearly  i  of  stroke,  that  is,  the  part  completed  divided  by 
the  stroke  u  the  fraction  of  cut-off  required. 

Ex.  4«  The  stroke  of  an  engine  is  27  inches,  the  slide-valve  travel  is  8  inches,  the  oorrer 
on  the  steam  port  is  1}  inch,  and  the  loftd  is  1^  inch :  at  what  distance  from  the  end  of  the 
stroke  will  the  piston  be  when  the  steam  is  cat  off?    (Neglecting  tiie  obliquity  of  the  rods.) 

The  distance  the  piston  is  from  end  of  stroke  =  ('''5  x  a^-f^o^sl'  x  h 

Lap  ij  =  1-25 

a 

2-50 
+  -0625  =  A'  lead. 


Travel    8)2*5625 

•3203 
•3203 


9609 
64060 
9609 

'10259209 

27  stroke. 


71814463 
20518418 


Distance  from  end  of  stroke  2*76998643  or  ^^  inches. 

EXAKPLBS  FOB   P&AOTIGB. 


No. 

I. 

a. 

3- 

4* 


Stroke  of 

Third  of 

Gonron 

Ami  TIm lUstaBM  viston 

EDgine. 

Slide  Valve. 

Steam  Fort 

LMtdofValTO. 

JB  from  end  of  stroke. 

in. 

in. 

in. 

in. 

in. 

30 

5 

Ij 

^ 

XI  •1546 

34 

8 

3 

\ 

21*0786 

3« 

^ 

*t 

\ 

26*9361 

^ 

9i 

3i 

A 

21*1364 

I 


285.    Various  questions  in  practice  arise  as  to  working  ezpansivelji  but 
the  following  will  furnish  ample  instructions  to  the  practical  engineer. 

If  we  let  a  =:  length  of  stroke  (in  inches),  then  a  :=  -j  (<•} 

h  =  the  part  of  stroke  ont  off.\    *v^i da hi  .% 

before  expansion  (in  inches)  j     ^^^  ^  —  T  -— -T  ^*'^ 

c  ^  whole  pressure  in  boiler,          then  0  =  -^  =  -^  (3.} 

dz=z  tenninal  pressure  in  cylinder,  then  d:=-^=.    ^  ^  ^  ^^'  (4.) 

$  =  mean  pressure  in  cylinder,      iiien  #:=«  —  d^^  —  d  (5.) 

h  =  load  in  lbs.  on  square   )          .v      x      ^  <*  tax 

inch  of  piston            /          lhonA  =  -j-  (6.) 

t  =  point  of  stroke  when  \  ^  ^ 

velocity  of  piston  is  |          then  •  =  x  (7*) 
greatest                     ; 

p  2  eifanfioa                              Mtjuap  ^  -j^  (H 
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The  method  of  neing  these  is  the  following : — 

Ex.  I.  Suppose  we  hare  giTen  the  pressure  in  the  boiler  40  lbs. ;  lengtb  of  stroke  10 
feet,  end  steam  oat  off  at  3  feet :  required  the  terminal  pressure ;  thsn  (see  4  aboTo) 

Pressure  =:  >  =  4^  Ibf*  \ 

Length  of  stroke  =  a  =  120  inches     f  To  find  the  terminal 

Beferenoe  to  the  equations  abore  for  an  expression  of  the  yalue  of  d  would  give  the 
equation 

Ex.  2.  The  given  pressure  is  60  lbs. ;  length  of  stroke  3  ft.  7  in. ;  steam  out  off  at 
I  ft.  5*2  in. :  required  the  terminal  pressure. 

Pressure  =  0  =  60  lbs.  \ 

Length  of  stroke         =:  a  =  43  inches  r  To  find  the  terminal 

Part  of  stroke  cut  off )       .  ^  _.^  i-«i,««  4        preaeuw  d 

before  expansion    |=  *  ^  i?**  ««ohee  J 

Then,  by  equation  (4), 

rf  =  ~  or  rf  =  ^—- —  =  24  lbs.,  the  terminal  pressure. 

Ex.  3.    The  initial  pressure  of  steam  in  the  cylinder  is  30  lbs.,  length  of  stroke  4  feet 
6  inches,  and  the  steam  is  cut  off  at  3  feet  2  inches :  find  the  terminal  pressure. 
By  referring  to  the  equation  above,  we  have, 

Otherwise,  4  ft.  6  in.  ^  4}  ft.  ^  I 
3      .       =3*      =¥ 

.  * .  power  required  =  A  X  30  lbs.  =  -2  x  30  =  ai J  lbs. 

Tr  *7 

Ex.  4.    The  initial  pressure  of  steam  is  45  lbs.,  the  length  of  stroke  10  feet  9  inohesy  and 

the  steam  is  cut  off  at  3  feet  6  inches :  find  the  terminal  pressure. 

By  equation  (4)  above,  we  have. 

Otherwise,  10  ft  9  in.  s:  io{  ft  =  V 

3      6       =    3i       =  i 

V  14 

.  * .  the  pressure  required  =-VX45^  —  +45  =  i4'6  lbs. 

a  43 

And  again — 

Ex.  I.    (Hven  pressure  50  lbs.,  terminal  pressure  20  lbs.,  stroke  3  feet  10  inohei :  required 
to  know  at  what  point  expansion  commenced, 
llien,  by  equation  (2), 

Pressure  =  0  ^  50  lbs.         ] 

Tenmnal  pressure  =  if  =:  20  lbs.         >  To  find  point  of  ''cut-off"  =:  b. 

Stooke  ^  a  =  46  inches.   ) 

By  formula,  *  =  ^  =  ?2-^-^=  18-4  in.  =  i  ft  6*4  in. 

^'f  =  -4 ;  that  is,  the  expansion  commenced  at  A  or  t  of  the  stroke. 

If  it  be  required  to  know  at  what  point  of  the  strolce  it  is  most  beneficial  to  out  off  eteamf 
such  will  depend  entirely  upon  the  force  of  steam  in  the  boiler,  ae  estimated  in  inches  of 
meronry ;  for  this  force,  divided  by  10,  gives  an  easy  apprenmatioo  to  the  nii^«t»i^m  power 
of  work :  thus,  suppose  the  force  of  steam  in  the  boiler  to  be  4a  inches,  then  ti  ^  4'%$  Mr 
f^,  or  il  =  A}  the  length  of  the  stroke. 

K.B. — The  number  10  is  the  estimate  by  Tredgold  for  the  filction  of  the  machinery,  and 
the  force  of  the  vapour  in  the  condenser  as  equal  to  5  lbs.  per  square  inoh,  or  10  inohss  «f 
mercury. 


Ex.  2.  The  initial  pressnre  of  steam  in  the  cylinder  is  $5  lbs.  above  the  atmosphere,  and 
the  terminal  pressore  28  lbs. ;  the  length  of  the  stroke  is  6  feet :  at  what  part  of  the  stroke 
does  expansion  oommence  P 

*  =  ^  =  ^iJLll  =  a8-8  inches,  the  point  of  "cut  off;" 
and  '  2^^^  =  '4  9  ^^t  is,  the  expansion  commences  at  1^  (}}  of  the  stroke. 

ExAMPTiTCfl   FOB  PbAOTIGB. 

Ex.  I.  The  terminal  pressure  is  40  lbs. :  what  was  the  initial  pressure  if  the  stroke  is 
5  feet  and  steam  is  cut  off  at  i  stroke  ?    Answer,  160  lbs. 

Ex.  2.  The  stroke  is  8  feet  long,  the  initial  pressure  120  lbs.,  and  terminal  pressure 
50  lbs. :  at  what  point  of  the  stroke  was  steam  cut  off?    Answer,  3}  feet. 

Ex.  3.  What  was  the  length  of  stroke  when  initial  pressure  was  80  lbs.,  terminal  pressnre 
45  lbs.,  and  steam  cut  off  at  2  feet  P    Answer,  3^. 

286.  Before  leaving  the  subject  of  expansion,  we  will  take  into  considera- 
tion the  gain  in  fuel  derived  by  cutting  o£P. 

When  we  know  the  point  of  cutting  off,  and,  consequently,  what  fraction 
of  a  cylinder  full  of  steam  is  used,  we  can  at  once  ascertain  the  per  cent,  of 
g^ain  in  foel.  We  can  also  ascertain  the  mechanical  effect  of  the  steam. 
Now  this  mechanical  effect  will,  of  course,  be  less  than  it  would  be  if  the 
steam  were  not  cut  off. 

We  ascertain  the  difference  between  the  mechanical  effect  at  frill  stroke 
and  the  effect  when  the  steam  is  cut  off  at  a  certain  point,  and  then  proceed 
to  find  the  per  cent,  of  friel  required  to  make  the  latter  mechanical  effect 
equal  to  the  former.    This  we  do  by  making  a  proportion,  as  follows : 

The  mechanical  effect  when  the  iteam  u  cut  of  at  a  certain  point  :  the  difference 
between  the  mechanical  effects  of  steam  following  fidl  stroke,  and  steam  cut  off  at  the 
given  point  of  stroke  : :  the  per  cent,  of  fuel  used  when  the  steam  is  cut  off  at  a 
given  point  :  the  per  cent,  of  fuel  required  to  make  up  the  difference  in  mechanical 
effects.  ' 

This  latter  quantity  must  then  be  subtracted  from  the  per  cent,  of  ftiel 
gained  by  cutting  off  at  the  given  point,  and  the  remainder  is  the  per  cent, 
of  gain  in  fuel  derived  by  cutting  off,  when  the  same  effect  is  produced  as  if 
the  steam  followed  full  stroke. 

EXAMFLIS. 

Ex.  I.  What  is  the  per  cent,  of  gain  in  fuel  if  the  steam  is  cut  off  at  half  stroke  and 
made  to  produce  the  same  effect  as  if  it  followed  full  stroke  P 

By  Hyperbolic  Logs,  the  mechanical  effect,  if  the  steam  were  cut  off  at  half  stroke,  would 
be  1*693,  and  as  only  half  a  cylinder  full  of  steam  would  be  used,  the  saving  in  fuel  would 
be  50  per  cent,  sor  that  only  50  per  cent,  of  fuel  would  be  used.  But  if  the  steam  followed 
full  stroke,  the  mechanical  effect  would  be  2. 

2  —  1*693  ^  '307  f=  difference  in  mechanical  effect. 

Now  to  find  the  per  cent,  of  fuel  required  to  make  up  this  difference,  we  make  the  pro- 
portion 

i'693    :     '307    ::    50    :    9. 

80  that  9  per  cent,  more  fuel  must  be  expended  to  produce  the  same  mechanical  effect, 
ootting  off  at  half-stroke,  as  if  the  steam  followed  full  stroke.  Hence  50  —  9  =  41  por 
MDt.  gain  in  fuel,  cutting  off  at  half-stroke. 
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Ex.  a.    What  is  the  per  cent,  of  gain  in  fdel,  fiilfilling  the  same  conditions  as  in  Example 
ist^  except  that  the  steam  is  oat  oflf  at  quarter  stroke  P 
1*386  ^  mechanical  effect,  catting  off  at  quarter  stroke. 
75  per  cent.  =  gain  in  fuel,  catting  off  at  quarter  stroke. 
4  =  mechanical  effsct,  following  fall  stroke. 
25  =  per  cent  of  fdel  used,  catting  off  at  quarter  stroke. 
4  —  2*386  ^  1*614  =  difference  in  mechanical  effects. 

2*386    :     1*614    ::    25    :    i6'8. 
16*8  =  per  cent,  of  fuel  required  to  make  up  the  difference  in  mechanical  effects. 

75  —  16*8  =  58*2  =  per  cent,  of  gain  in  fdel  derired  from  cutting  off  at  quarter  stroke, 
the  steam  producing  the  same  mechanical  effect,  as  if  it  followed  full  stroke. 

Now,  it  is  evident  that  to  make  the  mechanical  effect  of  the  eteam,  when 
it  is  out  off,  equal  to  the  effect  when  the  steam  follows  full  stroke,  the  initial 
pressure  must  be  increased,  so  as  to  make  the  mean  pressure  the  same  in 
both  cases. 

Suppose  that,  when  we  follow  full  stroke,  the  mean  pressure  of  the  steam 
is  a  given  number  of  pounds ;  it  is  required  to  find  the  initial  pressure  of  the 
steam  that  is  cut  off  at  a  certain  point,  which  in  expanding  will  have  the 
same  mean  pressure  as  in  the  first  case.  This  is  a  problem  which  may  be 
stated  as  follows : 

Bequired  to  find  a  number,  which,  multiplied  by  the  mechanical  effect 
of  the  steam  that  is  cut  off,  and  divided  by  the  distance  over  which  this 
mechanical  effect  is  exerted  (this  result  being  the  mean  pressure  of  the 
expanded  steam),  shall  equal  the  mean  pressure  when  the  steam  follows 
fiill  stroke. 

To  find  this  number,  we  have  only  to  make  a  proportion,  thus : — 

71i$  fMehanieal  effect  of  the  eteam  that  ts  etU  off  :  the  number  of  times  the  eteam 
U  expanded^  or  the  distance  over  which  the  mechanical  effect  is  exerted  : :  the  mean 
pressure  following  fuU  stroke  :  the  mean  pressure  required, 

EXAKPLBS. 

In  the  two  preceding  Examples,  suppose  the  pressure  of  the  steam  when  following  full 
stroke  to  be  20  Ihs. :  required  to  find  the  initial  pressure  of  the  steam  that  is  cut  off. 

Ex.  I .    When  the  steam  is  cut  off  at  half  stroke :  Here,  i  '693  =1  mechanical  effect. 
2  =  numher  of  times  the  steam  is  expanded.    Hence,  1*693  :  2  : :  20  :  24*09. 
80  that  24*09  is  the  initial  pressure  when  the  steam  is  cut  off  at  half  stroke,  which  will 
produce  the  same  mechanical  effect  as  steam  of  20  lbs.  pressure  following  full  stroke. 

Ex.  2.    When  the  steam  is  cut  off  at  quarter  stroke. 

2*386  =  mechanical  effect. 

4  =  number  of  times  the  steam  is  expanded. 

Then,  2*386  :  4 : :  20  :  33*5. 

So  that  33*5  lbs.  is  the  required  initial  pressure  of  steam. 

It  must  be  remembered,  that  though  the  initial  pressure  of  the  steam  is 
greater  when  cutting  o£P,  to  produce  the  same  mechanical  effect  as  when 
following  full  stroke,  the  gain  in  fael  is  effected,  from  the  fact  that,  in  the 
first  case,  only  half  a  cylinder  fall  of  steam  is  used,  and  in  the  seoond,  only 
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a  quarter.  Table  II  gives  the  gain  in  fuel,  derived  by  cutting  o£P  at  various 
points ;  also  the  relation  between  the  initial  pressure  of  steam  when  cutting* 
o£P  and  following  full  stroke. 

TABLE  n. 


Initial  proMiue  required. 

Point  of 
CatttngoiL 

Por  oont.  of 
Oainittftiel. 

Following  Fall  Stroke. 

Catting  off 

{stroke. 

11-73 

1*008 

n 

22-4 

1-03 

3»- 

109 

ff 

41- 

ri8 

1, 

49-6 

J 

1-32 

'             9f 

58-» 

167 

m^ 

67-6 

2*6 

When  the  pressure  of  steam  following  full  stroke  is  given,  the  initial 
pressure  of  the  steam  that  is  cut  off,  can  be  found  by  multiplying  the  number 
in  the  last  oolumn,  by  the  pressure  of  the  steam  that  follows  full  stroke. 

It  must  be  remembered  that  all  the  results  given  in  the  preceding  artidea 
are  theoretical.  They  must  not  be  confounded  with  the  gains  in  actual 
practLee» 

Baek  pressure  is  a  constant  prejudicial  resistance,  caused,  in  the  case  of  a 
ooedenaing  enginoi  by  the  impossibility  of  obtaining  a  perfect  vacuum  in  the 
condenser ;  and  in  a  high  pressure  engine,  by  the  pressure  of  the  atmosphsKe 
and  resistance  offered  to  the  exhaustion  of  the  steam  by  friction  and  tortuoua 
passngoo.  This  back  pressure  and  the  friction  of  the  engine,  interposie  a 
limit  even  to  theoretical  expansion.  For  the  effective  pressure  at  the  end 
of  the  stroke,  which  is  the  difference  between  the  actual  pressure  at  the  end 
of  the  stroke  and  the  back  pressure,  must  be  at  least  equal  to  the  pressure 
per  square  inch  required  to  overcome  friction.  So,  if  we  know  the  initial 
pressure  of  steam,  the  length  of  the  stroke  and  the  required  terminal 
pressure,  we  can  find  the  point  of  cutting  off  by  the  relation  between  the 
volume  and  pressure  of  steam. 

EXAyPTiTCfl. 

Suppose  the  initial  preasore  of  the  steam  is  20  lbs.  above  a  perfect  vaoiiain ;  that  the 
stroke  is  4  feet ;  that  the  back  pressare  is  3  lbs.  per  square  inch,  and  the  pressnre  necessary 
to  overcome  friction,  2  Ibe.  per  square  inch :  what  is  the  shortest  point  of  stroke  at  whidi 
the  steam  can  be  cat  off? 

3-4-2^5  lbs.  a  ooostant  resistance.  So  that  the  least  terminal  pressure  of  tiie  steam 
isilbs. 

Noir,  as  the  initial  pressure  of  the  steam  is  20  lbs.,  if  ft  is  expanded  to  5  lbs.  Its  ^lakna 
nasi  be 

80  that  the  steam  is  cut  off  at  quarter  stroke,  or,  as  the  stroke  is  4  feet,  at  i  foot  from 
ooaittieiiMitteiitt 
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The  following  example  will  serve  as  a  good  application  of  the  principles 

enonoiated  in  this  article. 

There  are  two  engines,  which  we  will  designate  as  No.  i  and  No.  2.  No.  i  is  a  high 
pressure  engine,  uses  steam  of  105  lbs.  pressure  for  gauge,  and  cuts  off  at  quarter  stroke. 
No.  1  is  a  oondensing  engine,  uses  steam  of  ao  lbs.  pressure,  and  cuts  off  at  half  stroke. 
The  feed  water  is  100°  in  both  cases.  The  back  pressure  in  the  condensing  engine  is  a  Ibe. 
per  square  inch,  and  the  friction  of  the  unloaded  engine  is  2*5  lbs.  per  square  inch  in  eaoh 
engine. 

Which  will  develop  the  greatest  mechanical  effect  firom  one  cubic  foot  of  water  evaporated, 
and  how  much  coal  will  be  required  for  No.  i  engine  to  evaporate  the  water,  if  10  lbs.  are 
required  for  No.  a  P 

For  No.  I. 

I  38  =  mechanical  effect  during  expansion. 

(i  -f-  1*38}  X  120  -7-  4  =  71*4  =  mean  pressure. 

But  as  the  steam  exhausts  into  the  atmosphere,  and  2-5  lbs.  per  square  inch  are  required 
to  overcome  friction, 

71*4  —  15  —  2*5  =  53'9  ^  mean  effective  pressure.  , 

For  No.  2. 

'69  =:  mechanical  effect  during  expansion. 

(i  +  •69)  X  35  -r  »  =  »9'575  =  mean  pressure. 

Deducting  the  back  pressure  and  friction, 

29*575  —  a  —  2*5  =  25-075  =  mean  effeotivo  pressure. 

Now  let  us  suppose  that  the  steam  acts  in  both  cases  in  a  cylinder  of  i  square  inch  cross 
section,  and  a  stroke  of  i  foot.  As  the  volume  of  steam  of  105  lbs.  pressure  is  251  times  as 
great  as  that  of  the  water  from  which  it  is  generated,  i  cubic  foot,  or  1728  cubic  inches  of 
water,  will  generate. 

1728  X  251  =  433728  cubic  inches  of  steam. 

The  steam  being  cut  off  at  quarter  stroke,  3  cubic  inches  of  steam  aie  used  at  each  stroke, 
and  the  number  of  strokes  made  by  No.  i  engine  will  be 

433728  -r  3  =  "4457^. 
The  distance  in  feet  travelled  by  the  piston,  multiplied  by  the  mean  pressure,  gives  the 
mechanical  effect 

The  distance  in  feet  is 

144576  X  I  =  144576. 

Hence  the  mechanical  effect  is 

M4576  X  53'9  =  779»646-4. 
For  No.  2  the  relative  volume  of  the  steam  and  water  is  767,  and  one  cubic  foot  of  water 
generates 

1728  X  767  =r  1325376  cubic  inches  of  steam. 
As  6  inches  of  steam  are  used  at  each  stroke, 

1325376  -r  6  =  220896  =  number  of  strokes. 
Hence  the  mechanical  effect  is 

220896  X  25-075  =  5538967-2. 
Galling  the  mechanical  effect  of  No.  2  unity,  that  of  No.  i  is 

7792646-4-1.  5538967-2  =  1-406. 
So  that  the  per  cent,  of  gain  of  No.  i  is 

-406  X  100  z=  40*6. 

Now  let  us  find  the  coal  required  for  No.  i .  The  total  heat  in  the  steam  of  No.  a  engint 
is  1193**45)  and  since  the  temperature  of  the  feed  water  is  100'', 

1 193'**45  —  100"  =  1093^-45  ==  heat  imparted  to  a  cubic  foot  of  water  by  the  consamption 
of  10  po  inds  of  coal. 
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The  tottil  hast  in  the  steam  of  No.  i  engine  is  tii9*'36,  ftud 

tJi9°'36—  loo^  1 1  i9°'j6^  heat  required  to  be  imported  to  a  onhio  foot  of  water. 
If  lo  Ibfl.  of  coal  are  Deeded  is  the  first  cose,  we  shall  now  require* 
{1119-J6X  10)  J.  io93°-45  =  10-137  lU) 


EELATI0K8  BETWEKtf  THE  LAP  OF  THE  VALVE  AND  THE 
AMOTJKT  OF  EXPANSION. 

187.  There  are  various  expedients  for  stopping  off  the  supply  of  steam  to 
the  engine  at  any  part  of  the  atrake,  which  will  be  fully  explained  furtJier 
on.  One  mode  ie  by  the  use  of  an  expansion  valve,  and  another  mode  is  by 
extending  the  length  of  the  face  of  the  ordinary  slide  valve  by  which  the 
steam  is  let  into  and  out  of  the  cylinder,  which  extension  of  the  face  is  called 
hp  or  cover.  Having  shown  the  mode  of  ascertaining  the  mean  pressure  of 
the  steam  on  the  piston  throughout  the  whole  stroke,  supposing  the  steam  to 
be  out  off  at  any  given  part  of  the  stroke,  we  shall  now  proceed  to  explain 
what  amount  of  lap  answers  to  a  ^ven  expansion,  and  what  expaosioii  followB 
tiie  use  of  a  given  proportion  of  lap. 

Supposing  there  is  no  lead,  the  point  of  die  stroke  at  which  the  steam  ia 
cut  off  is  determined  by  the  proportion  which  the  lap  on  the  steam  side  bears 
to  the  stroke  of  the  valve.  Whatever  the  absolute  dimensions  of  the  lap 
may  be,  it  will  follow,  therefore,  that  in  every  case  in  which  it  bears  the 
same  ratio  to  the  stroke  of  the  valve,  the  steam  will  be  cut  off  at  the  same 
point  of  the  stroke. 

As  the  rules  for  determining  the  relations  between  the  lap  of  the  valve  and 
the  amount  of  expansion  are  difficult  to  be  worked  out  by  persons  unacquainted 
with  trigonometry,  it  will  be  convenient  to  collect  the  principal  results  into 
tables,  which  may  be  applied  without  difficulty  to  the  solution  of  any  par- 
ticular example.  This  accordingly  has  been  done  in  the  three  foUowiog 
tables,  the  mode  of  using  which  it  will  now  be  proper  to  explm. 

PEOPOETION  OP  LAP  REQUIRED  TO  ACCOMPLISH  VAEI0U8 
DEGREES  OF  EXPANSION. 


Dislanoe  of  tbo  piston  from  Iho  ter- 
minntioa  of  ite  atroke,  when  the 
steam  is  cot  off,  in  parts  of  the 
length  of  its  stroke 
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—In  the  first  line  of  the  table  will  be  found  eight  different  parts 
of  the  stroke  of  the  piston  designated,  and  directly  below  each,  in  the  second 
line,  is  given  the  quantity  of  lap  requisite  to  cause  the  steam  to  be  out  off  at 
•  The  Sngiaeei  Oadst,  by  Long  and  SiuL 
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that  pa;rticiilar  part  of  the  stroke.  The  different  amounts  of  the  lap  are 
given  in  the  second  line  in  decimal  parts  of  the  length  of  the  stroke  of  the 
yalve ;  so  that,  to  get  the  quantity  of  lap  corresponding  to  any  of  the  given 
degrees  of  expansion,  it  is  only  necessary  to  take  the  decimal  in  the  second 
line,  which  stands  under  the  fraction  in  the  first,  that  denotes  the  degree  of 
expansion,  and  multiply  that  decimal  by  the  length  we  intend  to  make  the 
stroke  of  the  valve.  Thus,  v  suppose  we  have  an  engine  in  which  we  wish  to 
have  the  steam  cut  oS  when  the  piston  is  a  quarter  of  the  length  of  its 
stroke  from  the  end  of  it,  we  look  in  the  first  line  of  the  table,  and  we  shall 
find  in  the  third  column  from  the  left,  ^.  Directly  under  that,  in  the  second 
line,  we  have  the  decimal  '250.  Suppose  that  we  consider  18  inches  will  be 
a  convenient  length  for  the  stroke  of  the  valve,  we  multiply  the  decimal  *2  ^o 
by  1 8,  which  gives  4^.  Hence  we  learn  that,  with  an  1 8-inch  stroke  for  the 
valve,  4^  inches  of  lap  on  the  steam  side  will  cause  the  steam  to  be  cut  o£P 
when  the  piston  has  still  a  quarter  of  its  stroke  to  perform. 

Half  the  stroke  of  the  valve  should  always  be,  at  leasty  equal  to  the  lap  on 
the  steam  side  added  to  the  breadth*  of  the  port ;  consequently,  as  the  lap, 
in  this  case,  must  be  4^  inches,  and  as  half  the  stroke  of  the  valve  is  9 
inches,  the  efficient  breadth  of  the  port  cannot  be  more  than  9  —  4^  =  4^ 
inches,  since  half  of  it  is  covered  over  by  the  lap.  K  this  breadth  of  port  is* 
not  sufficient  to  give  the  required  area  to  let  the  steam  in  and  out,  we  must 
increase  the  stroke  of  the  valve,  by  which  means  we  shall  get  both  Ihe  lap 
and  the  breadth  of  the  port  proportionally  increased.  Thus,  if  we  make  the 
length  of  the  valve-stroke  20  inches,  we  shall  have  for  the  lap  '250  X  20  = 
5  inches,  and  for  the  breadth  of  the  port  10  —  5  =  5  inches. 

This  table  is  computed  on  the  supposition  that  the  valve  is  to  have  no 
lead ;  but  if  it  is  to  have  lead,  all  that  is  necessary  is  to  subtract  half  the 
proposed  lead  from  the  lap  found  from  the  table,  and  the  remainder  will  be 
the  proper  quantity  of  lap  to  g^ve  the  valve.  Suppose  that  in  the  last 
example,  the  valve  was  to  have  }-inch  of  lead,  we  should  subtract  ^-inoh 
from  the  5  inches  found  for  the  lap  in  the  table.  This  would  leave  4} 
inches  for  the  quantity  of  lap  that  the  valve  ought  to  have. 

The  following  table  is  an  extension  of  the  first,  for  the  purpose  of  ob« 
viating,  in  most  cases,  the  necessity  of  even  the  very  small  degree  of  trouble 
required  in  multiplying  the  strokes  of  the  valve  by  one  of  the  decimals  in  the 
first  table.  The  first  line  of  the  second  table,  as  in  the  first  table,  consists  of 
eight  fractions  indicating  the  various  parts  of  the  stroke  at  which  the  steam 
may  be  cut  off.  The  first  column  on  the  left  hand  consists  of  various 
numbers  that  represent  the  different  lengths  that  may  be  given  to  the  stroke 
of  the  valve,  diminishiQg  by  half-inches  from  24  inches  to  3  inches.     Suppose 

*  .By  the  breadth  of  the  port  is  meant  its  dimensions  in  the  direction  of  the  yalve'i 
motion ;  in  short,  its  perpendioular  depth  when  the^linder  is  upright. 
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that  ve  wiali  the  ateam  to  b«  cut  off  at  an;  of  the  eight  parts  of  the  stroke 
indicated  in  the  first  line  of  the  tahle  (ea;  at  i  from  the  end  of  the  stroke), 

TABLE  v.— LAP  IN  INCHES  REQTJIEED  ON  THE  BTEAM  SIDE  OF  THE 
VALVE  TO  CUT  THE  STEAM  OFF  AT  ANT  OP  TUB  UNDBENOTED 
PARTS  OP  THE  STROKE, 


^^a^. 

Proporl 

on  of  the  atroke  Ht 

.hichlh8Bii»mi 

cut  off. 

inioclin. 

i 

A 

i          A 

i 

i 

A       A 

!1 

694 

6'48 

6'00           c'47 

4'9° 

\-iS 

3'47      '      "HS 

23i 

6-79 

6'34 

S'SS     '      S-36 

479 

4.16 

319           '39 

23 

6fij 

S75 

S''4 

4-69 

4.07 

3'1>     ■     »-34 

22i 

650 

607 

J-6' 

S^i3 

4'J9 

3-98 

3.5          1-19 

22 

6.36 

S*94 

y.!o 

S'*» 

449 

3.89 

1'3 

»'U 

21* 

611 

j-lto 

J'3ll 

4-90 

4  19 

3.I0 

310 

119 

31 

6-07 

i-67 

i'>5 

4*79 

4'.8 

3.71 

»'4 

20i 

i-J' 

J53 

S''^ 

4-67 

4-iS 

3-63 

109 

20 

5-78 

5*40 

J'OO 

A-56 

4'og 

1-54 

104 

IBi 

sM 

i-i6 

4H7 

4-4S 

3'98 

J-4S 

i-Si 

199 

19 

S-49 

S''3 

4-75 

4-33 

3S8 

3-36 

j-74 

194 

18i 

i-3* 

4'9'> 

J-77 

3-17 

1-67 

1-88 

18 

j-io 

4- as 

4-JO 

3-6? 

JI9 

i-6o 

'■83 

Hi 

io6 

47  > 

4' 37 

r99 

3'i7 

1-10 

i-S3 

1-78 

17 

49' 

4J9 

4'15 

3-88 

3^47 

3-0. 

»-4S 

'■73 

16i 

477 

4-4S 

yi6 

3'ifi 

1-91 

»-38 

.■6g 

16 

4'6. 

4-00 

y6s 

3-.S 

1-83 

j-ji 

.■6j 

ISi 

4'4» 

4'ig 

3S7 

3-5  5 

3,fi 

»-74 

2-14 

.■58 

IB 

4'33 

405 

3-7S 

3-4> 

3'o6 

,.6j 

I- 16 

'■S3 

Hi 

4'9 

39' 

j-6. 

3-3' 

,■,6 

'■S7 

1-09 

'■4! 

14 

4-05 

3-78 

3-J= 

V19 

1-86 

J'48 

•■43 

18i 

3-90 

364 

J- 37 

30II 

^■7i 

»19 

1-95 

'■37 

la 

3-76 

3-Ji 

J'S 

,■,6 

i-fii 

IJO 

1-88 

IJi 

12i 

3'6> 

m 

J-i 

i-ii 

'Si 

i-8a 

1-17 

12 

3-47 

3 '14 

1-74 

t-Ai 

'71 

Ui 

3-3> 

3-1 0 

til 

i-6i 

"■3S 

1-03 

1-66 

1-17 

U 

j.,8 

'.11 

'■75 

114 

'•9S 

'■i8 

101 

3-°3 

2'6l 

JJ9 

1-86 

1-5' 

107 

10 

1-89 

I■^a 

J-io 

i-iS 

1-04 

'77 

I -01 

ei 

1-65 

136 

2-37 

'■91 

i'68 

'■17 

■96 

9 

1-60 

143 

lis 

i'05 

■  •84 

1J9 

1-30 

"2* 

i' 

1-46 

I'Vs 

^2 

1-S7 

;:•; 

'■53 

'■41 
'■33 

'■»3 

■86 
■76 

7 

M, 

'■73 

I -to 

'■43 

1-14 

H 

i-8» 

'■73 

'■7i 

I -61 

f6] 

l-JO 

■-48 

"■37 

'■3» 

;:;'» 

■It 

t 

H 

'■58 

■-4S 

'■17 

i-»5 

■\i 

■79 

■St 

5 

i-3( 

iii 

■7» 

•J' 

*i 

;:s 

log 

i;o3 

E-9» 
■8» 

■to 
T 

■ss 

■46 
■4' 

3i 

■94 

■87 

-go 

1-7' 

■6» 

■JO 

■3S 

3 

■M 

■81 

■75 

-68 

■&i 

il 

■44 

■1» 

we  find  ^  at  the  top  of  the  sixth  column  lh>m  iha  left.  We  next  hwk  tot 
the  proposed  length  of  stroke  of  the  Talve  (say  1 7  iaches)  in  the  first  ocdomn 
on  the  left.  From  1 7  in  that  column,  run  along  the  line  towards  the  right ; 
and,  in  the  sixth  column,  and  direcU;  under  the  ^  at  the  top,  we  find  y^j, 
which  is  the  amoont  of  lap  required,  in  inches,  to  cause  Ute  stoam  to  be  out 
off  at  ^  from  the  end  of  the  stroke,  if  the  Talre  has  no  lead.  If  we  wish  to 
L  gire  it  lead  (se V  i  inch],  we  aaktract  the  half  of  that,  or  i  =  'laj  inoh^  from 


lb  Jind  the  Mean  Pr$t9ur$^  ^e.  3C1 


3*47,  and  we  have  3*47  —  '125  =  3*349  inches,  the  quantity  of  lap  that  the 
valve  should  hnve. 

To  find  the  greatest  efficient  breadth  that  we  can  give  to  the  port  in  this 
case,  we  have,  as  before,  half  the  length  of  stroke,  8^  —  3*345  =  S'^SS 
inches,  which  is  the  greatest  efficient  breadth  we  can  give  to  the  port  with 
this  length  of  stroke.  It  is  scarcely  necessary  to  observe  that  it  is  not  at  all 
essential  that  the  port  should  be  so  broad  as  this ;  indeed,  where  great  length 
of  stroke  in  the  valve  is  not  inconvenient,  it  is  always  an  advantage  to  make 
it  travel  further  than  is  just  necessary  to  make  the  port  open  fully ;  because, 
when  it  travels  further,  both  the  exhausting  and  steam  ports  are  more  quickly 
opened,  so  as  to  allow  greater  freedom  to  the  steam. 

The  manner  of  using  this  table  is  so  simple  that  we  shall  pass  on  to  explain 
the  use  of  the  sixth  table. 

Suppose  that  the  piston  of  a  steam  engine  is  making  its  downward  stroke, 
that  the  steam  is  entering  the  upper  part  of  the  cylinder  by  the  upper  steam 
port,  and  escaping  from  below  the  piston  by  the  lower  exhausting  port ;  if, 
as  is  generally  the  case,  the  slide  valve  has  some  lap  on  the  steam  side,  the 
upper  port  will  be  closed  before  the  piston  gets  to  the  bottom  of  the  stroke, 
and  the  steam  above  them  acts  expansively,  while  the  communication  between 
the  bottom  of  the  cylinder  and  the  condenser  still  continues  open,  to  allow 
vapour  from  the  condensed  water  in  the  cylinder,  or  any  leakage  past  the 
piston,  to  escape  into  the  condenser ;  but,  before  the  piston  gets  to  the  bottom 
of  the  cylinder,  this  passage  to  the  condenser  will  also  be  cut  off  by  the  valve 
dosing  the  lower  port.  Soon  after  the  lower  port  is  thus  closed,  the  upper 
port  will  be  opened  towards  the  condenser,  so  as  to  allow  the  steam  that  has 
been  acting  expansively  to  escape.  Thus,  before  the  piston  has  completed 
its  stroke,  the  propelling  power  is  removed  from  behind  it,  and  a  resisting 
power  is  opposed  before  it,  arising  from  the  vapour  in  the  cylinder,  which 
has  no  longer  any  passage  open  to  the  condenser.  It  is  evident  that,  if  there 
is  no  lap  on  the  exhausting  side  of  the  valve,  the  exhausting  port  before  the 
piston  will  be  closed,  and  the  one  behind  it  opened,  at  the  same  time ;  but, 
if  there  is  any  lap  on  the  exhausting  side,  the  port  before  the  piston  will  be 
dosed  before  that  behind  it  is  opened ;  and  the  interval  between  the  dosing 
of  the  one  and  the  opening  of  the  other  will  depend  on  the  quantity  of  lap  on 
the  exhausting  side  of  the  valve.  Again,  the  position  of  the  piston  in  the 
cylinder,  when  these  ports  are  dosed  and  opened  respectively,  will  depend 
on  the  quantity  of  lap  that  the  valve  has  on  the  steam  side.  If  the  lap  is 
large  enough  to  cut  the  steam  off  when  the  piston  is  yet  a  considerable  dis- 
tance from  the  end  of  its  stroke,  these  ports  will  be  dosed  and  opened  at  a 
proportionably  earlier  part  of  the  stroke ;  and  in  the  case  of  engines  moving 
at  a  high  speed,  it  has  been  found  that  great  benefit  is  obtained  fr^m  allowing 
the  steam  to  escape  before  the  end  of  the  stroke. 
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Table  YI  is  intended  to  show  the  parts  of  the  stroke  where,  under  im^ 
given  arrangement  of  slide  Talve,  the  eduction  ports  close  and  open  respeo- 
tively,  so  that  thereby  the  engineer  may  be  able  to  estimate  how  much,  if 
any,  of  the  efficiency  he  loses,  while  he  is  trying  to  add  to  the  power  of  the 
steam  by  increasing  the  expansion.  In  this  table  there  are  eight  columns 
marked  A,  standing  over  eight  marked  B ;  and,  at  the  heads  of  these  columns 
are  eight  fractions  as  before,  representing  as  many  different  parts  of  the 
stroke  at  which  the  steam  may  be  supposed  to  be  cut  o£P. 

TABLE  VI. -PROPORTION  OF  THE  STROKE  AT  WHICH  THE 
EDUCTION  PORT  IS  SHUT  AND  OPENED. 


Lap  on  the  ednotion 

side  of  the  valve, 

in  parts  of  the  length  of 

its  stroke. 

Proportion  of  the  stroke  at  which  the  steam  is  cut  off. 

i 

A 

i 

■ 

A 

i 

i 

A 

A 

i-8th 
i.i6th 
I -32nd 
0 

A 

•178 

'130 
•113 

•092 

A 
•161 
•118 

•lOI 

•082 

A 

•>43 
•100 

•085 

•067 

A 

•126 
•085 
•069 

'055 

A 
•109 

•071 

•053 
•043 

A 

X93 
•058 

•043 
•033 

A 

•074 
•043 

•033 
•022 

A 

•053 
•027 

•024 

•on 

i-Sth 
i-i6th 
I -32nd 
0 

B 

•033 
•060 
•073 
•092 

B 

•026 
•052 
•066 
•082 

B 
*oi9 

•040 
•051 
•067 

B 

•012 

•030 
'042 

'055 

B 

•008 

*022 

•033 
•043 

B 

•004 

•023 
•033 

B 

•001 
•008 
•013 

*022 

B 

•CGI 
*002 
•004 

•on 

The  columns  marked  A  express  the  distance  of  the  piston — in  parti  of  it% 
itroke^-from  the  end  of  the  stroke  when  the  eduction  port  before  it  is  shut ;  and  the 
columns  marked  B,  and  which  stand  immediately  under  the  columns  marked 
Ay  express  the  distance  of  the  piston  from  the  end  of  its  stroke  when  the  exhatuting 
port  behind  it  is  opened — also  measured  in  parts  of  the  stroke.* 

Suppose  we  have  an  engine  in  which  the  slide  Talve  is  made  to  cut  the 
B^am  off  when  the  piston  is  at  i-jrd  from  the  end  of  its  stroke,  and  that  the 
lap  on  the  eduction  or  exhausting  side  of  the  valve  is  i-8th  of  the  whole 
length  of  its  stroke.  Suppose  the  stroke  of  the  piston  is  6  feet,  or  72  in^€(8. 
It  is  required  to  know  when  the  exhausting  port  before  the  piston  will  be 

•  In  engines  moving  at  a  slow  rate,  the  same  necessity  for  an  early  eduction  does  not 
MUStjM  fn  quick  moving  engines,  such  as  locomotives;  and,  in  such  engines,  there  will, be 
a  loss  firom  opening  the  eduction  much  before  the  end  of  the  fttroke,  as  the  moving  pressure 
urging  Uie  friston  is  thus  removed  before  the  termination  of  the  stroke.  When  the  valve  is 
closed  before  the  piston  previously  to  the  end  of  the  stroke,  the  attenuated  vapour  in  the 
cylinder  will  be  oompresMd,  and  sometimes  the  compression  will  be  carried  so  &r  that  the 
mpessure  resisting  the  piston  at  the  end  of  the  stroke  will  exceed  the  pressure  of  the  fteam 
in  the  boiler.  The  indicator  diagram  will,  in  such  cases,  appear  with  a  loop  at  the  appar 
comer,  which  shows  that  the  pressure  before  the  end  of  the  stroke  exceeds  the  pressure  of 
the  steam,  and  that  the  first  effect  of  opening  the  communication  between  the  cylinder  and 
the  boiler  is  to  enable  the  cylinder  to  discharge  its  highly  compressed  vapour  backward  into 
boiler.  The  act  of  compressing  the  steam  is  what  is  called  eushioning,  and  in  all  oi 
i  this  action  is  more  or  less  to  be  seen. 
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closed,  and  when  the  one  behind  it  will  be  opened.  At  the  top  of  the  left 
hand  column  marked  A,  the  given  degree  of  expansion  (i-jrd)  is  given ;  and 
in  the  extreme  left  column  we  have  at  the  top  the  given  amount  of  lap  ( i-8th). 
Opposite  the  i-8th  in  the  first  column  marked  A,  we  have,  '178 ;  and  in  the 
first  column  marked  B,  '033,  which  decimals  multiplied  respectively  bj  72, 
the  length  of  the  stroke,  give  the  required  positions  of  the  piston,  thus  72  X 
-178  =  12*8  inches  =  distance  of  the  piston  from  the  end  of  the  stroke  when 
the  exhausting  port  hfore  the  piston  is  shut ;  and  72  x  '033  =  2*38  inches  = 
distance  of  the  piston  from  the  end  of  its  stroke  when  the  exhausting  port 
h$h%nd  it  is  opened. 

Again,  let  the  stroke  of  the  valve  be  1 6  inches,  the  lap  on  the  exhausting 
side  f-inch,  the  lap  on  the  steam  side  3^  inches,  and  the  length  of  the  stroke 
of  the  piston  60  inches.  It  is  required  to  ascertain  all  the  particulars  of  the 
working  of  this  valve.  The  lap  on  the  exhausting  side  is  evidently  -^  of 
the  length  of  the  valve  stroke.  Then,  looking  at  16  in  the  left  hand  column 
of  the  Table  Y  in  page  300,  we  find  in  the  same  horizontal  line  3*26,  or  very 
nearly  3^,  imder  \  at  the  head  of  the  column,  thus  showing  that  the  steam 
will  be  cut  o£P  at  one-sixth  from  the  end  of  the  stroke.  Again,  under  \  at 
tne  head  of  the  sixth  column  from  the  left  in  the  Table  YI,  page  302,  and 
in  a  line  with  -^  in  the  left-hand  column,  we  have  '0^3  imder  A,  and  '033 
under  B.  Hence,  '033  x  60  =  3*18  inches  =  distance  of  the  piston  hotii 
the  end  of  its  stroke  when  the  exhausting  port  behind  it  is  opened.  If,  in 
this  valve,  the  lap  on  the  exhausting  side  were  increased,  say  to  2  inches  or 
i  of  the  stroke,  the  effect  would  be  to  cause  the  port  before  the  valve  to  fibut 
sooner  in  the  proportion  of  -109  to  '053,  and  the  port  behind  ,it  later  in  the 
proportion  of  *oc8  to  '003.  Whereas,  if  the  lap  on  the  exhausting  side  were 
removed  entirely,  the  port  before  the  piston  would  be  shut,  and  that  behind 
it  opened  at  the  same  time.  The  distance  of  the  piston  from  the  end  of  ite 
stroke  at  that  time  would  be  '43  x  60  =  2*58  inches. 

If  we  inspect  the  Table  YI,  it  will  be  seen  that  the  effect  of  increasing  the 
expansion  by  the  slide  valve  is  augmenting  the  loss  of  power  occasioned  by 
tte  imperfect  action  of  the  eduction  passages.  On  referring  to  the  bottom 
line  of  the  Table,  it  will  be  seen  that  the  eduction  passage  before  the  piston 
is  closed,  and  that  behind  it  is  opened,  thus  destroying  the  whole  moving 
power  of  the  engine  when  the  piston  is  '092  £rom  the  end  of  its  stroke,  the 
steam  being  cut  off  at  \  from  the  end.  Whereas,  if  the  steam  is  only  eut  off 
at  -^  from  the  end  of  the  stroke,  the  moving  power  is  not  withdrawn  till  'oi  i 
of  the  stroke  remains  uncompleted.  It  will  also  be  observed  that  increasing 
the  lap  on  the  exhausting  side  has  the  effect  of  retaining  the  action  of  the 
steam  longer  behind  the  piston,  but  it,  at  the  same  time,  causes  the  eduction 
port  he/are  it  to  dose  sooner. 

A  very  cursory  examination  of  the  action  of  the  slide  valve  is  sufficient  to 
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show  that  the  lap  on  the  steam  side  should  always  be  greater  than  that  on 
the  eduction  side.    If  they  were  equal,  the  steam  would  be  admitted  on  one 
side  of  the  piston  at  the  same  time  that  it  was  allowed  to  escape  £rom  the 
other ;  but  universal  experience  has  shown  that  when  this  is  the  casOy  a 
very  considerable  part  of  the  power  of  the  engine  is  destroyed  by  the 
resistance  opposed  to  the  piston,  by  the  escaping  steam  not  getting  away  to 
the  condenser  quickly  enough.    Hence,  will  be  seen  the  necessity  of  the  lap 
of  the  eduction  side  being  always  less  than  the  lap  on  the  steam  side ;  and 
the  difference  should  be  the  greater  the  higher  the  velocity  of  the  piston  is 
intended  to  be,  because  the  quicker  the  piston  moves,  the  passage  for  the 
waste  steam  requires  to  be  the  larger,  so  as  to  admit  of  its  getting  away  to 
the  condenser  with  as  great  rapidity  as  possible.    In  engines  where  it  is  not 
wished  to  expand  the  steam  in  the  cylinder  at  all,  the  slide  valve  is 
sometimes  made  with  very  little  lap  on  the  steam  side ;   and  under  these 
droumstances,  in  order  to  obtain  a  sufficient  difference  between  the  lap  on 
the  steam  and  the  eduction  sides  of  the  valve,  it  may  be  necessary  not  only 
to  take  away  all  the  lap  on  the  eduction  side,  but  to  take  off  still  more,  so  as 
to  cause  both  eduction  passages  to  be,  in  some  degree,  open,  when  the  valve 
is  at  the  middle  of  its  stroke.    But  when  there  is  a  considerable  amount  of 
lap  on  the  steam  side,  this  plan  of  taking  more  than  all  the  lap  on  the  educ- 
tion side  ought  never  to  be  resorted  to,  since  it  can  serve  no  good  purpose, 
and  will  materially  increase  an  evil  we  have  already  alluded  to,  viz. : — the 
opening  of  the  eduction  port  behind  the  piston,  before  the  stroke  is  nearly 
completed.     In  the  case  of  engines  moving  rapidly,  as  in  locomotives  for 
instance,  it  conduces  much  to  efficiency  to  begin  the  eduction  before  the  end 
of  the  stroke,  as  the  piston  moves  slowly  at  that  time ;  and  at  that  point  a 
very  small  amount  of  travel  of  the  piston  corresponds  to  a  considerable 
additional  time  given  for  the  accomplishment  of  the  eduction.     The  tables 
apply  equally  to  the  common  short  slide  three  ported  valves,  and  to  the  long 
D  valves.    The  extent  to  which  expansion  can  be  conveniently  carried  by 
means  of  lap  upon  the  valve  is  about  one-third  of  the  stroke ;  that  is,  the 
valve  may  be  made  with  so  much  lap  that  the  steam  will  be  cut  off  when 
one-third  of  the  stroke  has  been  performed,  leaving  the  rest  to  be  performed 
by  the  expanding  steam ;  but  if  much  more  lap  be  put  on  than  answers  to 
this  amount  of  expansion,  a  distorted  action  of  the  valve  will  be  produced, 
and  the  efficiency  of  the  engine  will  be  impaired.    By  the  use  of  the  link 
motion,  however,  much  of  this  distorted  action  can  be  compensated.    If  a 
further  amount  of  expansion  than  this  is  wanted,  where  the  link  motion  is 
not  used,  it  may  be  attained  by  wire-drawing  the  steam,  or  by  so  construct- 
ing the  steam  passage  that  the  pressure  within  the  cylinder  must  decline 
when  the  speed  of  the  piston  is  accelerated,  as  it  is  about  the  middle  of  the 
stroke.    Thus,  for  example,  if  the  valve  be  so  made  as  to  shut  off  the  steam 
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by  the  time  two-thirds  of  the  stroke  has  been  performed,  and  the  steam  be 
at  the  same  time  throttled  in  the  steam  pipe,  the  full  pressure  of  the  steam 
within  the  cylinder  cannot  be  maintained  except  near  the  beginning  of  the 
stroke,  where  the  piston  travels  slowly,  for  as  the  speed  of  the  piston  increases, 
the  pressure  necessarily  subsides,  until  the  piston  approaches  the  other  end 
of  the  cylinder,  where  the  pressure  would  rise  again ;  but  the  operation  of 
the  lap  on  the  valve  by  this  time  has  had  the  effect  of  closing  the  communi- 
cation between  the  cylinder  and  steam  pipe,  so  as  to  prevent  more  steam 
entering.  By  throttling  the  steam,  therefore,  in  the  manner  here  indicated, 
the  amount  of  expansion  due  to  the  lap  may  be  doubled,  so  that  an  engine 
with  lap  enough  upon  the  valve  to  cut  off  the  steam  at  two-thirds  of  the 
stroke,  may,  by  means  of  wire-drawing,  be  virtually  rendered  capable  of 
cutting  off  the  steam  at  one-third  the  stroke. 


GEOMETRICAL  DEMONSTRATION  OF  THE  SLIDE-VALVE. 

This  subject  has  been  well  digested  by  many  authors,  both  English  and 
Foreign.  Of  the  latter  the  best  authority  is  Dr.  Gustay.  Zbttitsb,  of  the 
Swiss  Federal  Folytechnieal  School,  but  his  researches  and  expositions 
pertain,  however,  more  to  the  locomotive  than  the  marine  type,  but  in  the 
main  his  views  are  correct  for  either,  under  relative  circumstances.  In  this 
country,  Mr.  Watt,  Frofsssor  Ranxinb,  Mr.  D.  K.  Olabkb,  C.E.,  and 
Mr.  M.  F.  G&AY,  claim  attention  for  their  productions.  The  information 
now  given  is  taken  from  the  Engineer  Cadet,  by  Messrs.  Btjsll  and  Loko, 
of  the  United  States  Navy. 

A  three-ported  slide-valve  in  its  simplest  form  is  represented  in  Fig.  6. 
The  valve  has  the  position  shown  in  the  sketch,  when  the  piston  is  at  one 
end  of  the  stroke.  When  the  piston  commences  to  move,  the  valve  also 
receives  motion  from  the  eccentric.  If  it  moves  to  the  right,  the  port  A  will 
be  uncovered  and  steam  will  be  admitted  into  one  end  of  the  cylinder,  while 
the  port  B  will  be  open  to  the  exhaust  port  C,  and  the  steam  in  the  other 
end  of  the  cylinder  will  be  exhausting.  When  the  valve  has  moved  far 
enough  to  uncover  the  port  A  (at  which  time  the  piston  will  have  made  half 
a  stroke),  it  commences  to  move  to  the  left,  and  at  the  termination  of  the 
stroke,  the  port  A  will  again  Fig.  6. 

be  closed.  On  the  return 
stroke  of  the  piston,  the 
valve  will  continue  to  move 
to  the  left  until  the  port  B 
is  fully  open,  when  it  will 
again  move  to  the  right, 
closing  the  port  B  at  the 
termination  of  the  stroke.    It  is  evident  that  the  motions  of  the  valve  and 
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piston  are  at  right  angles ;  for  the  valve  is  at  half  stroke  i^hen  tihe  piflton 
has  completed  its  stroke,  and  vice  versa.  So  to  set  the  eccentric  of  this  valve, 
we  have  only  to  make  the  line  joining  the  centre  of  eccentric  and  the  centre 
of  the  shaft,  perpendicular  to  the  line  joining  the  centre  of  crank-pin  and  tke 
centre  of  the  shaft.  The  throw  of  the  eccentric,  or  the  travel  of  the  valva 
(supposing  the  eccentric  rod  to  be  directly  connected  to  the  valve  stem),  is 
evidently  equal  to  twice  the  breadth  of  the  steam  port,  and  the  face  of  ibm 
valve  is  just  as  wide  as  the  steam  port. 

With  the  valve  set  in  this  manner,  the  steam  is  not  admitted  to  the 
cylinder  until  the  crank  is  on  the  centre.  But  it  is  found  desirable  to  admit 
steam  a  little  before  the  end  of  the  stroke ;  and  this  can  readily  be  aooom^ 


Fig.  7. 
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pluhed  by  taxBing  the  eooentric  on  the  shaft.  This  we  call  given  the  valve 
JM.  Thns,  if  the  steam  port  is  open  a  sixteenth  of  an  inch,  when  the  crank 
is  OB  the  centre,  we  say  that  the  valve  has  a  sixteenth  of  an  inch  lead.  But 
if  we  open  the  steam  port  A  before  the  end  of  the  stroke,  we  also  open  the 
port  B  to  the  exhaust,  and  the  amount  of  this  opening  at  the  termination  of 
the  stroke,  we  term  the  exhmut  lead. 

Now,  if  we  wish  the  port  to  be  closed  before  the  termination  of  the  stroke, 
we  make  the  fetce  of  the  valve  longer,  or  put  on  lap.  In  this  case  the  throw 
of  the  valve  must  be  increased  by  an  amount  equal  to  twice  the  lap.  But  if 
excessive  lap  be  put  on,  it  is  evident  that  the  travel  will  be  so  much  in- 
creased as  to  permit  the  steam  to  exhaust  at  an  early  part  of  the  stroke.  To 
obviate  this,  we  must  put  lap  on  the  exhaust  side  of  the  valve.  This  has  a 
bad  efiPect  in  causing  the  exhaust  valve  to  dose  too  soon.  This  will  be  seen 
clearly  in  the  illustration  of  the  geometrical  action  of  the  slide  valve.  Fig.  7. 
Let  AB  equal  the  length  of  stroke  of  our  engine  drawn  to  any  scale.  We 
will  g^ve  the  valve  an  amount  of  lap  on  the  steam  side  equal  to  half  the 
breadth  of  the  steam  port.  The  travel  of  the  valve  will  then  be  equal  to 
three  times  the  breadth  of  the  steam  port.  On  AB,  as  a  diameter,  describe 
a  circle  which  will  represent  the  path  described  by  the  centre  of  the  crank- 
pin,  while  the  piston  is  travelling  twice  the  distance  AB.  Divide  this  circle 
into  any  number  of  equal  parts,  and  draw  perpendiculars  to  AB  from  every 
point  of  division.  We  shaU  thus  determine  the  position  of  the  piston  cor- 
responding to  that  of  the  crank  at  various  points.  With  the  same  centre  ^, 
as  that  of  the  circle  ArB«,  desoribe  a  circle  OoDp^  having  the  travel  of  the 
valve  for  its  diameter.  This  will  represent  the  path  of  the  centre  of  the 
eooentric,  during  a  revolution  of  the  crank.  When  the  crank  is  on  the 
oentre,  the  line  connecting  the  centre  of  the  crank-pin  and  the  centre  of  the 
shaft  will  be  A^;  so  that  if  the  valve  had  neither  lap  nor  lead,  the  line 
connecting  the  centre  of  the  eccentric  and  the  centre  of  the  shaft  should  take 
the  direction  tr^  perpendicular  to  A^.  But  in  the  present  case,  when  we 
have  both  lap  and  lead,  we  make  tu  equal  to  the  sum  of  the  lap  and  lead, 
and  through  «,  draw  a  line  parallel  to  tr.  Connect  the  point  0  where  this 
line  cute  the  oizcle  with  the  centre,  and  ot  will  be  the  proper  position  for  the 
line  connecting  the  centre  of  the  eccentric  and  the  centre  of  the  shaft;,  when 
the  orank  is  on  one  oentre.  When  the  crank  is  on  the  other  centre,  this  line 
will  appear  at  t  F.  Divide  the  circle  0  0  Dp  into  the  same  number  of  equal 
parte  as  we  divided  the  circle  ArB«,  and  draw  perpendiculars  to  op  £rom 
every  point  of  division.  The  lengths  of  these  perpendiculars  show  the 
diiftanoeB  travelled  by  the  valve  at  various  points.  Now,  let  AB  represent 
the  centre  of  the  exhaust  port.  Then  draw  ah  and  od  to  represent  the 
widtibi  of  one  steam  port,  and  d/and  ^h  for  the  other.  Make  at  equal  to  Iw, 
the  stteQ  lead,  aad  iimw  a  Hne  ik  parallel  to  ai.    This  is  the  line  to  which 
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all  our  measurements  must  be  referred  since  the  valve  commences  to  move 
from  this  position.  Thus,  when  the  crank  has  moved  the  distance  A  1,  the 
centre  of  the  eccentric  has  moved  the  distance  0I,  and  the  perpendicular 
distance  of  this  point  1  from  op  will  be  the  distance  the  valve  has  travelled. 
Lay  off  this  distance  below  the  line  ik  on  the  first  perpendicular,  and  the 
point  so  determined  will  represent  one  position  of  the  valve.  Similarly, 
when  the  crank  has  travelled  the  distance  A  2,  the  centre  of  the  eccentric  has 
passed  over  o2,  and  the  valve  has  travelled  the  perpendicular  distance 
between  2  and  op.  Lay  off  this  distance  on  the  second  perpendicular  below 
f  A,  and  we  determine  the  position  of  the  valve  at  another  point  of  the 
stroke.  Find  the  position  of  the  valve  in  this  manner  at  every  point  of 
division,  and  through  the  points  so  found  draw  a  curve  which  will  represent 
all  the  positions  of  the  valve  during  one  revolution  of  the  crank.  It  must  be 
observed,  in  laying  off  perpendicular  distances  from  op,  that  all  points  to  the 
right  of  op  are  positive,  and  are  laid  off  below  ik,  while  all  points  to  the  left 
of  op  are  negative,  and  must  be  laid  off  above  ik.  We  have  not  yet  de- 
termined the  amount  of  exhaust  lap,  but  this  can  readily  be  fixed,  now  that 
the  motion  of  the  valve  is  represented.  When  the  piston  has  made  one 
stroke,  the  crank  is  at  B  and  the  valve  is  at  P.  Now,  if  the  face  of  the 
valve  was  only  i^  times  the  width  of  the  port,  the  whole  port  would  be  open 
for  the  steam  to  exhaust.  So  we  must  put  lap  on  the  exhaust  side  of  the 
valve,  and  we  put  on  enough  to  have  the  exhaust  lead  equal  to  H  I.  This 
gives  us  the  width,  w  E,  of  the  valve  face. 

From  the  curve  At'F,  we  can  readily  find  the  position  of  the  valve, 
corresponding  to  any  position  of  the  piston.  Thus,  when  the  piston  has 
travelled  the  distance  A  q^  the  valve  is  at  v,  and  the  distance  the  port  is  open 
is  equal  to  the  perpendicular  distance  between  v  and  the  top  of  the  port  a  i. 
At  X,  where  the  curve  cuts  a  h,  the  port  is  closed,  and  the  steam  expands 
during  the  remainder  of  the  stroke  from  y  to  B. 

We  can  readily  lay  down  the  curve  described  by  the  lower  extremity  of 
the  valve.  The  distance  e  m,  between  ef,  the  top  of  the  port,  and  m  n,  is  the 
exhaust  lead,  and  we  have  only  to  transfer  the  distances  of  the  various 
points  in  the  first  curve  from  ik  to  their  respective  distances  from  mn,  on  the 
same  perpendicular  on  which  they  were  first  laid  down.  By  this  curve  we 
see  that  the  exhaust  opening  is  closed  aty,  when  the  piston  has  travelled  the 
distance  A  s.  The  steam  being  pent  up  in  the  cylinder,  from  s  to  B,  occa- 
sions excessive  cushioning,  and  that  is  the  reason  why  expansion  by  means 
of  lap  on  a  slide  valve  cannot  be  carried  to  any  great  extent.  About  two- 
thirds  of  the  stroke  is  the  earliest  point  at  which  a  slide  valve  should  close 
the  steam  port. 

Slide-valve  Motion. — Stroke  of  engine,  30  in. ;  travel  of  eccentrics,  7  in. ; 
lap  on  end  of  valve»  ai  in. ;  length  of  connecting  rod,  4  cranks  or  5  ft 
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Proceed  as  follows: — Draw  to  scale,  say  i^  inches  to  a  foot,  a  dide, 
having  its  diameter  equal  to  the  travel  of  the  valve  or  eccentrics,  marked 
eccentric  circle;  from  the  same  centre  draw  a  circle,  having  its  diameter 
equal  to  the  stroke  of  the  engine,  marked  crank  circle ;  draw  lines  through 
the  centre  at  right-angles  to  each  other,  continue  one  of  the  lines  out,  repre- 
senting the  centre  line  through  the  cylinder,  for  the  purpose  of  marking  the 
length  of  the  connecting  rod  on ;  divide  the  part  of  this  line  within  the  crank 
circle  into  30  equal  spaces,  each  of  these  spaces  will  represent  one  inch  of  the 
stroke.  Now,  imagine  the  crank  to  be  at  the  top  centre  marked  0,  and 
during  the  down  stroke,  the  steam  to  be  cut  off  at  some  distance  from  the 
top.  The  question,  therefore  is,  "a  valve  having  7  inches  of  travel,  and  2|> 
inches  lap,  at  what  part  of  the  stroke  is  the  steam  cut  off?"  Mark  off  a^ 
inches  from  the  centre  of  eccentric  circle  downwards ;  draw  a  line  through 
this  point  (parallel  to  the  centre  line)  until  it  meets  the  eccentric  circle 
marked  lap-line.  This  distance  is  the  lap ;  from  this  lap-line  downwards  to 
the  circumference  of  the  eccentric  circle  is  the  maximum  opening  for  steam ; 
in  this  case,  one  inch.  Now,  from  the  centre  draw  lines  through  the  points 
where  the  lap-line  meets  the  eccentric  circle,  and  continue  them  outwards 
until  they  intersect  the  crank  circle  marked  A  and  B ;  these  lines  are  the 
centre  lines  of  the  *'  go-ahead  and  go-astern  eccentrics."  Measure  or  mark 
off  the  distance  A  B  downwards  from  0,  or  the  top  centre  to  the  crank  circle, 
and  with  the  same  distance  measure  upwards  frt)m  D  to  crank  circle  on  the 
opposite  side.  These  points  are  the  positions  of  the  crank  when  the  steam 
is  cut  of^  but  we  want  the  position  of  the  piston ;  therefore,  with  the  length 
of  the  connecting  rod  from  these  points,  mark  on  the  centre  of  the  engine 
line  a  point  (this  is  the  centre  of  the  cross-head)  where  the  top  end  of 
connecting  rod  would  be,  and  see  what  distance  on  the  divided  or  stroke-line 
this  corresponds  to,  the  number  of  inches  is  at  once  obtained ;  in  this  case  it 
is  i6f  inches  down,  and  izf  up  when  cut  off.  The  divided  or  stroke-line 
should  be  numbered  from  the  top,  downwards  for  the  down  stroke,  and  from 
the  bottom  upwards  for  the  up  stroke  (see  plate).  It  is  at  once  apparent 
that  if  the  lap  is  increased,  or  the  *'  valves  pieced,"  the  distance  from  A  to  B 
will  be  less,  consequently,  the  steam  will  sooner  be  cut  off;  if  the  lap  is 
decreased,  the  distance  will  be  greater,  and  the  steam  later  in  being  cut  off. 

To  determine  the  position  of  the  eccentrics  on  the  shaft,  or  where  the  key- 
way  should  be  cut  (on  the  supposition  that  the  key-way  is  in  the  centre  of 
the  sheave).  From  the  centre  of  the  eccentric  circle,  draw  a  circle,  having 
its  diameter  equal  to  the  shaft ;  the  lap  in  one  case  is  2^  inches,  and  say,  we 
give  an  ^th  of  lead,  the  lap-line  will,  therefore,  be  drawn  2f  ths  downwardsy 
and  where  the  lap-line  meets  the  eccentric  circle,  draw  lines  from  the  centre 
through  these  points,  and  where  these  lines  intersect  the  shaft  circle,  is  the 
centre  of  the  key-way. 
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THE  INDICATOR. 


288.  The  Indicator  is  a  small  instrument  temporarily  applied  either  at 
the  top  or  bottom  of  the  cylinder,  for  the  purpose  of  ascertaining  the  preasnre 
of  steam  at  each  point  of  the  stroke  of  the  piston.  It  not  only,  however, 
discovers  to  us  the  aetudl  power  at  work  in  the  engine,  but  also  what  propor- 
tion of  the  boiler-pressure  is  obtained  ia  the  cyUnder^at  what  part  of  the 
stroke  the  highest  pressure  is  reached — ^how  it  is  maintained — ^at  what  pointy 
and  at  what  pressure,  the  steam  is  cut  off — whether  it  is  cut  off  sharply,  or 
in  what  degree  it  is  wire-drawn — at  what  point,  and  at  what  pressure  it  is 
released — in  a  non-condensing  engine,  whether  it  is  freely  discharged,  or 
what  proportion  of  it  remains  to  exert  a  counter-pressure — in  a  condensing 
engine,  the  amount  of  the  vacuum,  and  how  quickly,  or  how  gradually,  it  is 
obtained — and  in  both  classes  of  engines,  whether  before  the  commencement 
of  the  stroke,  there  is  any  compression  of  the  vapour  remaining  in  the 
cylinder,  and  if  so,  at  what  point  it  commences,  and  to  what  height  of 
pressure  it  rises.  From  the  diagram,  the  mean  pressure  exerted 
the  stroke,  to  produce  and  to  resist  the  motion  of  the  piston  may  be 
tained,  and  thus  may  be  known  accurately  the  power  required  to  resist  the 
whole  aggregate  resistance  on  the  engine,  and,  also,  by  taking  separate 
diagrams  for  each,  the  power  required  by  each  of  the  several  resistances  or 
classes  of  resistance  separately.  The  causes  of  the  various  features  presented 
in  the  diagram  may  be  ascertained,  and  thus  may  be  learned  the  effect 
produced  by  this  or  that  form  of  arrangement  of  parts,  and  any  imperfection 
in  their  construction  or  action  may  be  detected.  In  fact,  in  the  hands  of  a 
skilful  engineer,  the  indicator  is  as  the  stethoscope  of  the  physician,  revealing 
the  inner  workings  of  the  inner  system,  and  detecting  minute  derangements 
in  parts  obscurely  situated.* 


*  It  must  be  borne  in  mind,  that  the  Indicator  shows  only  the  pressure  at  each  point  of 
the  stroke^to  portray  this  iaithfuUy  is  its  sole  use.  "  It  tells  nothing  aboat  the  oanaes 
which  have  determined  the  form  of  the  fignre  which  it  describes ;  the  engineer  oonolndei 
what  these  are,  as  the  result  of  a  process  of  reasoning,  and  this  is  the  point  where  enon 
we  liable  to  be  committed.  Gonoluaions  which  seem  obvions  sometimes  torn  oat  to  havs 
been  wrong,  and  the  ability  to  form  an  accurate  judgment,  as  to  the  causes  of  the  peooli- 
arities  presented  in  a  diagram,  is  one  of  the  highest  attainments  of  an  engineer.*' 

<*Th6  variety  of  diagrams  given  by  different  engines,  and  by  the  same  engine  under 
different  circumstances,  is  endless ;  and  there  is  perhaps  noting  more  instructive  to  the 
student  of  engineering,  as  there  is  nothing  more  interesting  to  the  accomplished  engineer, 
than  their  oareful  and  comprehensive  study,  with  a  knowledge  of  the  modifying  cnoum- 
stances  under  which  each  was  taken.  Lines  at  first  meaningless  become  full  of  meaning; 
tlmt  which  soaroehr  arrested  his  attention  comes  to  possess  an  absorbing  interest;  Ee 
beoomea  acquainted  with  the  innumerable  variety  of  vidoua  forms  and  learns  the  points  and 
degrees,  as  weU  as  the  causes,  of  their  departure  from  the  single  perfect  form ;  he  becomes 
familiar  with  the  effects  produced  by  different  constructions  and  movements  of  parts,  and 
competent  to  judge  correctly  as  to  the  performance  of  engines,  and  to  advise  ohi^gM  ty 
whioh  it  may  be  unpioved.' 
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Prmoiple  on  wMoli  the  Indijoator  works. — ^Putting  adde  for  the  present 
the  mechanical  arrangements  as  the  Indicator  is  now  made,  and  considering 
k  in  its  simplest  form,  it  is  merely  a  small  piston  working  in  a  cylinder  with 
considerable  clearance,  carrying  a  pencil  at  the  end  of  its  piston-rod.  One 
end  of  this  small  cylinder  is  placed  at  pleasure  in  connection  with  either  end 
of  the  main  cylinder  (that  is  the  cylinder  of  which  it  is  desired  to  know  the 
horee-power),  by  means  of  a  cock  and  pipes,  and  the  other  end  of  the  Indi- 
cator cylinder  is  in  iree  communication  with  the  air  by  means  of  the  loose 
staffiag-box  through  which  the  piston-rod  of  the  indicator  mores,  and  further, 
hj  means  of  a  hole  drilled  in  the  cylinder  cover  of  the  indicator,  so  that  if 
steam  goes  into  the  main  cylinder,  a  portion  of  it  may  be  admitted  directly 
to  the  bottom  side  of  the  indicator  piston,  while  upon  the  other  side  the  air 
pBoeooe  continually  with  whatever  the  barometric  pressure  may  be  at  the  time. 

▲  qpiral  spring  is  attached  to  the  cover  of  the  indicator  qylinder  at  one  end^ 
aad  to  the  indicator  piston  itsdf  at  the  other.  This  spring  regulates  the 
aMvements  of  the  piston,  and  as  the  steam  is  of  a  greater  or  less  pressure^  so 
the  spring  is  more  or  less  compressed. 

Suppose  now  &at  the  piston  of  the  engine  is  at  one  end  of  tibie  stroke,  and 
about  to  begin  a  fresh  stroke,  and  that  the  steam  is  admitted  to  the  cylinder 
jbr  this  purpose,  the  indicator  spring  will  be  compressed  by  the  steam  pres- 
sure under  it,  and  the  amount  to  which  the  indicator  piston  rises  is  a  measure 
ot  the  steam  pressure ;  for  example,  supposing  that  the  spring  compresses  |th 
indi  for  every  pound  on  it,  then,  if  the  steam  pressure  is  20  lbs.,  the  piston 
will  rise  2^  inches.  As  the  piston  of  the  engine  travels  fbrward  on  its  stroke, 
the  steam  pressure  begins  to  diminish,  and  becomes  less  and  less  able  to 
compress  the  indicator  spring,  and  consequently  the  indicator  qpring 
continually  falls.  In  order  to  register  these  continually  varying  pressures,  a 
piece  of  paper  is  held  on  a  small  cylinder  or  barrel*  in  front  of  the  peneii  on 
flie  indicator  piston,  and  as  the  main  piston  moves  backwards  and  forwards, 
the  barrel  of  the  indicator  partially  rotates  backwards  and  forwards,  and  the 
eurved  line  traced  by  the  pencil  moving  up  and  down,  on  the  paper  moving  at 
right-angles  to  the  up  and  down  movement  of  the  pencil,  is  called  the  indi- 
cator card  or  diagram.  The  diagram  is  nothing  more  than  a  register  <tf  the 
vaiying  pressures  in  the  cylinder  as  the  piston  moves  to  and  fro. 

289.  Bichards'  Indicator.— Figure  8  is  a  drawing  of  Bichards*  Indicator, 
which  is  the  best  form  of  indicator  ncfw  in  use,  and  is  becoming  generally 
adopted,  as  it  is  in  some  respects  better  fitted  for  obtaining  accurate  results 
fkrom  engines  working  with  steam  of  high  pressure,  and  having  a  high  speed 
of  piston,  and  great  range  of  expansion.    Its  peculiarity,  as  distingmshing  it 

•  In  the  original  form  of  the  indicator  invented  by  Jamm  Watt,  a  flat  reali«ooating 
plate  carriea  the  sheet  of  paper,  and  modem  indicators  differ  ddefly  fhmi  the  originia 
oonitmotion  by  the  sabsUtqtion  of  a  reoipooating  <^liadar  lor  the  flat  plat% 
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from  older  forms  (as  McNaught's,  for  example),  consists  in  the  arrangement 
by  which  the  motion  of  the  piston  is  transmitted  to  the  pencili  the  object 
being  to  enable  stronger  springs  to  be  used,  so  as  to  lessen  the  tendency  to 
vibration  of  the  pencil.  The  drum  or  brass  barrel  A,  having  the  split  gradu- 
ated scale  B  attached,  is  called  the  paper  cylinder,  and  on  it  the  paper  for 
the  diagram  is  stretched ;  this  paper  cylinder  can  be  detached  from  the 
instrument  by  pulling  it  upwards ;  on  being  detached  another  barrel  is  seen, 
having  the  horizontal  pulley  L  on  its  bottom  end,  and  a  small  coiled  spring 
contained  in  a  drum  at  the  top.  It  will  be  observed  that  on  pulling  the 
cord,  the  pulley  barrel  will  revolve  until  it  comes  against  a  stop,  on  slackening 
the  cord  the  coiled  spring  will  bring  it  back ;  at  the  bottom  of  this  pulley 
barrel  will  be  seen  a  small  projection  0.  When  the  paper  cylinder  is 
replaced,  and  the  notch  in  it  fitting  this  projection,  the  revolving  and  return 
motions  of  the  paper  cylinder  will  be  clearly  understood.*  On  the  upper  end 
of  the  barrel  D  the  lever  ann  M  is  carried ;  these  levers  EEi  are  connected 
by  the  link  F — ^this.link  is  the  pencil  carrier ;  f  this  metallic  pencil  is  held  by 
a  screw  which  regulates  its  distance  from  the  paper  cylinder ;  the  lever  Ei  is 
attached  by  a  swivel  at  J  to  the  piston-rod  G.  This  arrangement  constitutes 
a  simple  straight  line  motion,  and  moves  just  four  times  the  travel  of  the  indi- 
cator piston.  On  unscrewing  the  top  milled  cap  H  the  lever  arm  can  be  detached 
from  the  barrel  D,  bringing  with  it  the  piston-rod  and  also  the  spring  used. 
Within  the  barrel  D  is  contained  the  small  cylinder  in  which  the  piston  I 
works ;  to  shift  the  spring,  unscrew  the  rounded  milled  nut  J  on  the  end  of  the 
piston-rod,  then  unscrew  the  milled  cap  H  from  the  nut  on  the  end  of  the  spring, 
the  piston-rod  is  then  free,  and  the  spring  can  then  be  unscrewed  from  the 
piston  I.  It  will  be  observed  that  the  springs  have  a  brass  nut  on  each  end, 
on  one  nut  is  marked  the  limit  pressures,  thus,  W — 47  lbs.  steam,  15  lbs. 
vacuum — on  the  other  the  scale  strength  of  the  spring,  thus,  ^.  On  putting 
the  small  piston  into  the  cylinder  it  will  be  seen  that  it  is  an  accurate  fit,  great 
care  must  therefore  be  taken  to  keep  the  cylinder  perfectly  clean.  On  the 
bottom  end  of  the  barrel  D  is  the  conical  stem  having  the  tightening  nut  K 
attached,  this  nut  has  two  small  arms  on  it ;  the  conical  stem  is  a  ground  fit 
into  the  top  end  of  the  cock  supplied  with  each  indicator,  this  cock  has  its 


*  All  the  RiCHABDs'  Indicators  now  lupplied  by  the  makers  are  fitted  with  Dabkb*s 
"Patent  Detent"  and  '*Oord  Adjuster,"  which  is  an  arrangement  for  instantaneously 
stopping  and  starting  the  paper-dram,  thns  avoiding  the  inconvenience  and  delay  ince- 
dentel  to  the  present  method  of  connecting  and  disconnecting  the  cord  which  gives  motioa 
to  the  paper-dmm.  It  is  exceedingly  simple ;  a  pawl  is  made  to  fiUl  or  rise  by  the  move- 
ment of  a  spring,  so  as  to  engage  or  hberate  the  paper-dmm  by  means  of  a  small  segment 
of  a  ratchet  placed  at  its  base.  It  will  be  fonnd  most  convenient  in  all  cases ;  especially 
Qsefol  in  trial  trips,  and  where  it  is  desirous  to  take  a  number  of  diagrams  in  rapid 
succession.  It  is  certain  and  smooth  in  its  action.  The  Cord  Adjustbb  will  be  found  of 
great  service  as  a  means  of  adjusting  and  re-adjusting  the  length  of  the  cord  of  the  paper- 
dram  without  the  use  of  knots,  which  are  generally  difficult  (and  indeed  sometimes  through 
the  presence  of  grease  atmoit  impouihle)  to  untie. 

t  In  MoNaught's  instrument  the  pendl  is  attached  to  the  piston-rod. 
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oonical  seat  protected  by  a  brass  cap ;  unscrew  this  cap  and  insert  the  conical 
stem,  screw  down  the  tightening  nut,  and  as  this  nut  has  its  threads  of 
different  pitches,  it  firmly  secures  the  indicator  to  the  cock.  The  oonmmni- 
oation  between  the  top  and  bottom  of  the  engine  cylinder  is  obtained  by 
means  of  a  pipe  attached  to  each  end,  and  coupled  in  the  centre  to  a  cook, 
this  cook  has  a  projection  on  it  which  is  tapped  to  suit  the  indicator  cock. 

Nora. — In  order  to  reduce  the  weight  of  the  moving  parts  as  far  as  poasibley  with  a  view 
of  lessening  the  vibration,  Mr.  Thompson  exhibited  an  indicator  at  the  Philadelphia  Exhi- 
bition. A  single  lever  only  is  used,  one  end  being  caused  to  move  in  a  straight  line  by  a 
p^ii^llA]  motion.  The  lever  is  pivoted  to  a  bracket  which  has  its  lower  end  fixed  so  that  its 
upper  end  is  free  to  move.  A  light  and  short  radios  bar  is  attached  to  a  rigid  standard,  and 
also  to  the  lever  aforesaid,  at  snch  a  point  that  its  effect  is  to  counteract  the  arc  which  the 
free  end  of  the  lever  would  describe.  The  line  produced  is  practically  straight,  thon^ 
beyond  certain  limits  the  lines  produced  by  this  and  Mr.  Richa&ds*  indicator,  begin  to  curve, 
and  the  length  of  the  straight  portion  is  \h»  same  in  each.  The  joint  is  brought  down  near 
the  piston,  and  is  a  modified  form  of  ball  and  socket,  which  allows  both  the  lateral  movement 
required  by  the  parallel  motion  and  the  rotative  movement  involved,  in  swinging  the  lever 
to  and  from  the  drum.  This  joint  is  made  compansating,  so  that  any  looseness  may  be 
taken  up. 

There  are  thus  two  classes  of  indicators :  those  where  the  piston  travels 
with  the  pencil,  and  those  where  the  pencil  moves  a  greater  distance  than 
the  piston  of  the  indicator. 

The  reason  adduced  for  giving  preference  to  the  latter  system  consists,  as 
before  stated,  in  the  lessened  momentum  of  the  moving  parts,  owing  to  the 
small  space  through  which  they  have  to  pass  in  a  given  period,  and  thus  for 
quick  speed  engines  the  indicator  diagram  produced  has  a  more  steady  and 
reliable  form.  But  it  does  not  yet  appear  that  any  indicator  has  been  con- 
structed which  shall,  imder  all  circumstances,  give  a  reliable  diagram  for 
engines  which  run  at  very  high  rates  of  speed. 

The  defect  of  irregular  movement  is  generally  most  perceptible  at  the 
beginning  of  a  stroke,  and  this  is  commonly  supposed  to  be  due  to  causes  in 
tihe  instrument  itself,  though  some  consideration  of  the  subject  leads  to  a 
doubt  as  to  whether  such  is  always  the  case.  A  sudden  admission  of  steam, 
often  at  a  high  pressure,  may  probably  cause  a  movement  in  the  piston  and 
its  connections  which  sets  the  indicator  piston  into  a  synchronous  vibration ; 
and  the  yet  only  half-known  effects  of  condensation  in  the  cylinder  may  give 
an  impulse  through  the  indicator  cocks,  which  results  in  a  more  or  less  rapid 
blow  delivered  immediately  underneath  the  indicator  piston ;  and  it  may  so 
happen  that  the  instrument  forms  a  convenient  thing  to  blame  for  a  vibrating 
appearance  as  the  stroke  begins,  in  cases  where  a  current  of  water  actually 
causes  the  evil.  Such  a  defect  might  perhaps  be  obviated  by  having  a 
crooked  passage  or  a  guard  under  the  indicator  piston,  so  that  steam  could 
pass  easily  underneath  it  while  water  is  intercepted. 

Oare  must  always  be  taken  to  have  the  indicator  cleaned  after  every  time 
of  usmg ;  and  the  best  easy  test  to  discover  that  its  piston  works  frictionlesS| 
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18  to  draw  it  up  and  let  it  gently  descend  to  a  fixed  point,  which  ought  to 
brifig  the  pencil  to  the  atmospheric  line,  and  then  to  press  the  piston  dowa 
and  let  it  slowly  ascend.  If  the  pencil  reaches  the  same  position  with  both 
tests,  an  easy,  fiictionless  motion  can  be  relied  upon. 

When  applied  to  purposes  where  the  temperature  is  not  more  than  that  of 
the  atmosphere,  a  corrector  is  necessary,  because  springs  are  stronger  when 
cold  than  when  hot ;  and  there  will  have  to  be  i  lb.  added  to  the  apparent 
indication  for  every  40  lbs.  shown  by  the  diagram — ^the  springs  being  all  set 
for  a  temperature  of  2 1 2^  Fahrenheit. 

289.  How  to  afSz  and  use  the  Indicator. — ^It  must  be  borne  in  mind  that 
it  is  the  action  of  the  steam  inside  the  cylinder  that  we  wish  to  portray; 
therefore,  the  motion  for  the  indicating  paper,  or  card,  must  be  derived  from 
the  engine  piston-rod.  Starting  then  with  this  rule,  without  exception,  we 
must  next  note  the  correct  position  of  the  indicator  on  the  engine  cylinder* 
The  indicator  should  be  secured  to  the  end  of  the  cylinder  (front  and  back 
ends  of  the  cylinders),  never  on  the  side ;  for  this  reason,  '*  the  steam  that  is 
impelling  the  piston  is  also  rushing  along  with  it,  and  when  exhaustion  ensues, 
the  volume  has  a  retrograde  motion,  but  still  in  a  line  with  the  cylinder's 
length."  The  position  of  the  indicator  beyond  the  nozzle  must  be  elase  to  it 
to  ensure  a  truthful  indication  of  the  steam  in  the  engine  cylinder.  If  a 
branch  pipe  is  requisite,  let  it  be  as  straight  as  possible. 

A  common  plan  of  fixing  indicators,  especially  for  marine  purposes,  is  to 
have  pipes  from  the  top  to  the  bottom  of  the  cylinder,  leading  to  the  same 
indicator  cock,  so  that  both  may  be  indicated  without  loss  of  time,  and  both 
figures  be  produced  on  the  same  indicator  card.  If  such  pipes  are  employed 
it  is  necessary  to  have  them  continuous  from  the  cylinder  to  the  indicator 
without  any  length  being  open  past  the  indicator  cock  itself.  Such  a  etMe' 
sae  has  the  effect  of  distorting  the  apparent  pressure  altogether.  All  bends 
and  turns  in  such  pipes  should  be  gradual,  and  of  the  largest  convenient 
radius,  and  narrow  crooked  passages  avoided.  Having  supposed  the  indicator 
to  be  fixed,  and  in  connection  with  the  cylinder,  the  next  point  for  con- 
sideration is  the  best  mode  to  give  motion  to  the  paper  or  card.  In  the  case 
of  a  marine  engine,  there  is  more  trouble  and  difficulty  in  applying  the 
indicator  than  in  that  of  a  land  engine,  as  the  proper  amoimt  of  travel  for 
the  string  is  not  so  easily  to  be  obtained.  The  most  convenient  arrangement 
would  seem  to  be  to  add  a  small  wheel  and  axle,  or  wheel  and  pinion,  to  the 
indicator,  so  that  a  string  attached  to  the  piston-rod  and  wound  on  the  wheel 
will  give  the  right  motion  to  the  cylinder  on  which  the  paper  is  fixed ;  and, 
the  string  being  tied  on  the  top  of  the  piston-rod,  the  motion  will  be  reduoedi 
at  once,  to  that  for  the  paper  cylinder,  by  means  of  the  wheel  and  axle.  It 
will  do,  however,  when  the  proposed  wheel  and  axle  is  not  in  readiness,  to 
attach  the  string  to  any  part  of  the  parallel  motion,  or  any  part  of  the 
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lever  which  partakes  of  the  motion  of  the  piston.  The  parallel  bar  and 
pavidlel  motion  shaft  are  often  selected.  If  the  motion  be  taken  firom  the 
side  lever,  the  string  must  be  attached  in  the  central  line  of  the  beam,  for  if 
attached  on  the  top  of  the  beam  near  the  main  centre,  the  motion  may  not 
be  the  same  as  that  of  the  piston,  and  a  distorted  figure  will  be  obtained. 

290.  To  fix  the  paper. — Detach  the  paper  cylinder  from  the  indicator, 
and  enter  one  comer  of  the  paper  under  the  split  scale,  leaving  about  half- 
an-inch  projecting,  turn  the  paper  round  on  the  cylinder  and  enter  the  other 
comer ;  take  hold  of  the  two  comers  and  pull  the  paper  gently  down  for 
about  one  inch,  with  the  finger  and  thumb,  make  the  two  ends  of  the  paper 
assume,  as  near  as  possible,  the  form  of  the  part  entered  on  the  cylinder ; 
tjiis  will  tend  to  prevent  the  ends  of  the  scale  cutting  the  paper.  Now  draw 
the  paper  down  to  the  bottom  of  the  scale,  and  have  it  lying  even  and  tight 
qa  the  cylinder ;  the  paper  being  on,  replace  the  cylinder,  taking  care  that 
the  projection  0  on  the  pulley  barrel  is  in  the  notch  on  the  paper  cylinder. 
Before  screwing  the  indicator  cock  on  to  the  pipe  cock,*  open  the  pipe  cock 
to  each  end  of  the  cylinder  so  as  to  blow  out  any  grease  or  dirt  that  may  be 
in  the  pipe ;  having  done  so,  screw  on  the  indicator  cock,  then  fix  the  indi- 
cator by  means  of  the  tightening  nut  K.  In  order  to  regulate  the  length  of 
cord  correctly,  a  slip  noose  is  foimd  very  useful.  This  consists  of  a  strip  of 
brass,  say  i^  inch  long,  ^  inch  broad,  by  i  inch  thick.  Three  fine  holes  are 
perforated  through  the  brass  and  a  piece  of  cord  (this  cord  should  be  hard 
and  have  no  stretch)f  about  2  feet  long,  tied  to  one  end.  The  other  end  of 
the  string,  after  passing  through  the  remaining  two  holes,  thus : — 
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has  a  hook  attached,  and  a  ring  may  be  conveniently  placed  on  the  opposite 
loop.  By  this  means  a  ready  adjustment  of  the  cord  is  obtained.  Ascertain 
if  the  hook  on  the  lower  end  has  a  travel  of  aboub  five  inches  (this  should  be 
about  the  length  of  the  diagram),  now  put  the  loop  end  of  the  cord  on  to  the 
lever  hook,  and  put  the  other  (or  adjusting  loop)  on  to  the  hook  of  the  pulley 
barrel  cord;  adjust  the  cord  by  the  brass  strip  until  the  paper  cylinder 
revolves  free ;  there  mtut  he  no  slack  in  the  cord^  and  the  paper  cylinder  must  not 
touch  the  stop.  Having  got  the  motion  regulated,  open  the  pipe  cock  to 
either  end  of  the  cylinder,  and  then  open  the  indicator  cock,  allowing  the 
indicator  to  work  a  few  revolutions  before  putting  the  pencil  on  to  the  paper, 

*  Before  fixing  any  indicator  its  permanent  stop-cock  must  be  opened  for  sereral 
revolutionB  of  the  engine,  to  dear  away  any  foreign  matter  that  is  sure  to  accumnlate 
therein.  When  engines  are  indicated  for  the  first  time,  this  precaution  is  more  especially 
i^eoeesary. 

t  String  for  driving  the  indicator  nhould  not  be  used  quite  new  as  it  continually  stretches,. 
~  whmi  any  great  length  has  to  be  used,  fine  brass  wire  is  preferable. 
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for  the  double  purpose  of  heating?  the  indicator  and  ascertaining  if  its  piston 
and  spring  work  freely.  Then  close  the  stop-cock ;  when  this  is  done  the 
atmosphere  acts  equally  on  both  sides  of  the  indicator  piston.  If  the  pencil 
be  now  put  on  the  paper,  the  cylinder  revolving,  a  horizontal  line  will  be 
traced,  called  the  atmospherie  lin$^  and  if,  when  the  engine  is  at  the  top  of  its 
stroke,  the  indicator  stop-cock  be  opened,  it  will  commence  its  registration, 
and  a  line  will  be  traced  upon  the  paper,  which  rises  higher  up  on  the 
(^Hnder  as  the  pressure  of  the  steam  increases,  and  comes  lower  upon  it  as 
the  steam  pressure  subsides.  The  area  of  the  curve  traced  out  by  the  pendly. 
therefore,  represents  the  pressure  on  the  piston  through  all  its  variations. 

If  it  is  intended  to  take  a  diagram  from  each  end  of  the  cylihder,  open  the 

pipe-cock  to  either  end  of  the  cylinder;   turn  the  lever  arm  towards  the 

paper  so  that  the  pencil  will  mark  a  distinct  line,  and  having  made  the 

diagram  for  that  end  of  the  cylinder,  turn  the  pipe-cock  for  the  other  end  of 

the  cylinder  and  make  its  diagram,  then  shut  the  indicator  cock ;  when  this 

is  done,  the  atmosphere  acts  equally  on  both  sides  of  the  indicator  piston, 

put  the  pencil  on  to  the  paper  again  and  draw  the  (Umospherie  Une.    After 

taking  the  paper  from  the  barrel  it  is  completed  by  writing  on  it  the  day  of 

the  month,  the  name  of  the  ship,  that  of  the  eng^e  (whether  starboard  or 

j^rt,  high  or  low  pressure),  top  or  bottom  of  the  cylinder  (as  the  case  may 

be),  the  number  of  revolutions,  the  pressure  of  steam  by  steam  gauge,  and 

of  condensation  by  barometer  gauge, 

NoTB. — To  a  beginner  this  manipnlation  may  appear  very  diffioalt  and  tedious,  bnt  it  is 
not  BO ;  he  should  repeat  the  operation  nntil  he  is  thoroughly  '*  up  "  in  patting  on  the  paper, 
adjusting  the  cord,  and  tracing  the  diagram ;  a  few  trials  is  quite  sufficient  to  make  him  an 
expert  at  it ;  this  must  always  be  remembered  when  taking  diagrams.  ^*Any  inaeewraciea 
in  the  adjustment  affeete  the  diagram  matt  amoutfy.** 

291.  Best  form  of  Diagramt. — ^Were  all  engines  constructed  in  the  best 
possible  proportions  of  valves,  steam  passages,  ftc.,  and  run  at  the  proper 
speed  for  such  proportions,  and  were  the  valves  and  pistons  always  tight, 
the  same  allowance  made  for  clearance  of  piston,  and  no  condensation  of 
steam  allowed  in  the  cylinder,  general  rules  might  be  given  for  the  shape  of 
diagrams  from  condensing  and  non-condensing  engines,  for  each  different 
pressure  of  steam  and  gradation  of  expansion. 

292.  Diagram  from  High  Pressure  Engine. — Thus,  if  steam  were  admitted 
freely  from  the  boiler  to  the  cylinder  of  a  high  pressure  engine  during  the 
whole  stroke  of  the  piston,  the  diagrams  should  be  nearly  a  parallelogram, 
tiie  upper  line  of  which  would  represent  the  pressure  of  the  steam  on  one 
side  of  the  piston,  and  the  lower  that  of  the  exhaust  steam  on  the  other  side, 
and  the  ends  of  it  would  be  described  while  the  piston  of  the  indicator  was 
passing  from  one  end  of  the  cylinder  to  the  other.  Three  of  the  comers  of 
such  a  diagram  might,  as  a  general  thing,  be  quite  well  defined  angles ;  but 
file  fourth— that  which  is  produced  while  the  piston  of  the  indicator  is 
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passing  from  the  steam  line  to  the  exhaust — must  be  more  or  less  cuzred, 
imless  the  engine  was  going  very  slow,  or  the  ports  extraordinarily  large,  as 
the  contents  of  the  cylinder  of  the  engine  must  be  discharged  during  the  time 
this  line  is  being  described. 

A  diagram  in  such  a  form  would  indicate  that  the  engine  was  receiving  a 
power  equal  to  the  pressure  of  steam  acting  upon  the  piston  during  the 
whole  length  of  the  stroke. 

293.  Diagram  from  Condensing  Engine. — ^A  diagram  from  a  condeniiiig 
engine  differs  from  one  produced  by  a  non-condensing,  in  the  fact  that,  in 
the  former,  the  lower  line,  instead  of  being  a  little  above  atmospherie 
pressure,  appit^aches  nearly  to  that  of  perfect  yacaum ;  and,  as  the  steam 
has  to  be  condensed  while  the  pencil  is  tracing  the  exhaust  line,  it  is  still 
more  difficult,  with  such  engines,  to  produce  in  the  lines  well-defined  angles. 
There  is  also  more  or  less  of  a  curve  produced  at  the  termination  of  the 
vacuum  line,  owing  either  to  the  lead  of  the  valves,  or  the  compression  of 
vapour,  as  the  valve  approaches  its  seat.  But  nearly  the  whole  of  the  area 
of  the  diagram  lost  from  want  of  sharpness  in  the  several  parts,  or  their 
departure  frx)m  right-angles,  except  when  it  is  the  result  of  expansion, 
represents  so  much  capacity  of  the  eng^e,  for  which  there  has  been  an 
expenditure  of  steam,  and  for  which  there  has  been  no  other  consideration 
exchanged  than  the  relief  to  the  engine,  from  the  effects  of  the  greater 
percussion  produced  by  a  more  instantaneous  charge  of  the  force  acting  upon 
the  piston.  To  produce  these  with  well-defined  angles,  it  is  evident  that  the 
pressure  upon  the  piston  of  the  engine  must  be  changed  from  one  side  to  the 
other,  nearly  or  so  far  as  the  usual  diagram  would  show,  quite  instan- 
taneously— a  usage  that  few  large  engines  would  be  able  to  stand.  While 
economy  of  fuel,  therefore,  requires  well-defined  angles,  the  stability  of  the 
engine,  or  economy  of  repairs,  must  direct  how  nearly  they  may  be  allowed 
to  approach  them. 

294.  If  we  suppose  the  valve  to  have  neither  lap  nor  lead,  and  the  engine 
to  be  perfect  in  its  action  (which  is  of  course  only  a  theoretical  case),  the 
diagram  will  be  the  rectangle  ABOD,  Fig.  10.  EF  is  the  atmospheric  line, 
traced  by  the  pencil,  when  the  stop  cock  is  closed,  and  D  0  is  the  vacuum 
line.  Now,  when  the  crank  is  on  the  centre,  steam  is  admitted,  the  piston 
rises  a  distance  proportionate  to  the  amount  of  pressure,  and  the  pencil 
traces  the  line  DA,  called  sometimes  the  receiving  line,  also  called  the  admits 
sion  line.  As  the  main  piston  makes  a  stroke,  the  paper  cylinder  revolves, 
and  the  pencil  traces  the  horizontal  line  AB,  called  the  eteam  line^  the  indi- 
cator piston  being  kept  on  a  level  with  the  point  A  by  the  pressure  of  the 
main  cylinder.  When  the  main  piston  arrives  at  the  other  end  of  the  stroke, 
the  exhaust  vahe  is  opened,  and  the  pressure  falls  to  the  perfect  vacuum  line, 
causing  the  pencil  to  describe  the  line  BC,  called  the  exhaust  line*     On  the 
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return  stroke  of  the  main  piston,  there  will  be  a  perfect  yacaum  in  the 
cylinder,  and  the  pencil  will  trace  the  line  CD,  the  vaeuum  line. 

Fig.  lo. 

A     e ^     B 


If  the  steam  yalve  was  set  with  lead,  or  so  as  to  open  before  the  end  of 
the  stroke,  the  steam  line  wonld  have  the  direction  a  A.  If  the  exhaust  yalve 
liad  lead,  g  0  wonld  represent  the  exhaust  line,  instead  of  B  0.  The  exhaust 
yalve  is  often  made  to  dose  before  the  end  of  the  stroke,  so  as  to  produce 
cushioning,  and  this  would  appear  in  our  theoretical  card  as  the  hyperbolic 
he.  If  the  steam  valve  opened  too  late,  the  admission  line  would  take  the 
position  D  e. 

It  will  be  understood  that  these  are  extreme  cases,  as  represented  in  the 
diagram,  and  made  so  as  to  aid  in  showing  the  principle  clearly. 

If  the  exhaust  valve  opened  too  late,  the  exhaust  line  would  appear  as  3p, 
By  accustoming  himself  to  the  meaning  of  the  various  directions  taken  by 
these  several  lines,  an  engineer  can  tell  at  once,  on  seeing  a  diagram, 
whether  the  engine  from  which  it  is  taken  is  in  good  running  order. 

In  the  practical  case  of  a  diagram  from  an  engine,  the  vacuum  line  would 
appear  above  the  perfect  vacuum  line,  as  at  o  «,  and  this  perpendicular 
distance  between  the  line  is  the  hook  pressure.  The  comer  at  A,  sometimes 
called  the  starting  comer,  will  be  square  if  the  valve  is  rightly  set,  and  the 
ports  are  of  sufficient  size.  The  comer  at  B,  sometimes  called  the  expansum 
comer,  has  a  slight  rounding  from  where  the  exhaust  valve  opens  at  g.  The 
comer  s,  called  the  eduction  comer,  should  be  square,  or  nearly  so.  The 
comer  D,  called  the  lead  comer,  has  also  a  slight  rounding  o  q,  Ag  r  s  o  q 
will  then  represent  what  is  called  a  good  diagram. 

The  following  figure  is  a  cylinder  diagram  of  a  steamer.  The  atmospheric 
line  EF  running  through  the  centre  of  it  shows  the  point  at  which  the  pencil 
of  the  indicator  stands  when  there  is  neither  pressure  nor  vacuum  below  the 
indicator  piston,  and  this  line  is  traced  by  causing  the  pencil  to  make  a  line 
upon  the  paper  wound  round  the  drum  before  the  cock  of  the  indicator  is 
opened.  From  the  point  E,  near  the  left  hand  top  comer  of  the  figure,  the 
pendl  starts  on  its  course;   and,  on  the  cock  being  openedi  it  immediately 
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flies  up  and  traces  the  upper  line  of  the  figure,  which  represents  the  pressure 
of  the  steam ;  and  for  eveiy  tenth  of  an  in/oh — or  other  distance  which,  in 
the  graduation  of  the  instrument,  is  taken  to  represent  a  pound  of  pressure 
— ^that  the  pencil  rises,  the  pressure  within  the  cylinder  is  that  number  of 
pounds  above  the  atmosphere.     By  the  time  the  paper  cyUnder  has  reached 

Fig.  II. 
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the  extremity  of  its  horizontal  travel,  the  slide-valve  has  shut  the  steam  off 
and  opened  the  passage  to  the  condenser,  when  the  pencil  descends  to  a  posi- 
tion below  the  atmospheric  line  corresponding  to  the  degree  of  exhaustion 
existing  in  the  cylinder.  The  quality  of  the  vacuum  is,  therefore,  repre- 
sented by  the  botton  line,  and  by  the  time  the  paper  has  travelled  back  to  the 
point  from  which  it  started,  the  slide-valve  has  closed  the  eduction  passage 
and  again  let  the  steam  into  the  cylinder,  when  the  pencil  springs  up  to  the 
position  due  to  the  pressure  of  the  steam. 

A  diagram,  then,  with  the  steam  or  starting  comer  A  slanted  off,  shows 
the  steam  does  not  gain  admission  sufficiently  early ;  indeed,  any  rounding 
of  it  is  a  defect  from  want  of  lead,  or  rather  from  lead  on  the  wrong  side — 
the  steam  valve  not  opening  until  some  part  of  the  stroke  has  been  per- 
formed. The  eduotion  eom^  should  be  as  square  as  possible,  and  if  it  be 
much  rounded  or  slanted  away,  then  the  eduction  passages  are  too  small. 
It  is  found  advantageous  to  give  some  lead  to  the  valve,  but  if  the  '*  lead 
comer  "  be  much  slanted  ofl^  then  the  lead  given  to  the  engine  is  great,  or  in 
other  words,  the  steam  side  of  the  slide  is  opened  before  the  end  of  the 
stroke,  or  the  eduction  passage  is  shut  too  soon,  which  causes  the  vapour 
within  the  cylinder  to  assume  considerable  elasticity  from  compression.  In 
some  cases  this  vapour  may  be  compressed  to  a  greater  tension  than  the 
steam  possesses,  and  the  line  of  the  diagraiu  may,  therefore,  run  up  above 
the  steam  line  before  the  end  of  the  stroke,  and  a  loop  will  be  formed  at  the 
**  sterting  comer  "  A.    (See  Eig.  1 1 .} 
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295.  To  enable  the  reader  to  understand  more  dearly  the  instractions 
joBt  given,  he  is  here  presented  with  a  diagram,  showing  the  defects  and 
advantages  alluded  to  in  the 'foregoing  description.  By  attentively  examining 
its  form  at  the  points  marked,  the  reader  will  soon  be  able  to  comprehend  the 
subject  sufficiently  well  to  '*  read  off"  any  diagram  taken  from  an  en^jino. 

Figure  12.  Taken  from  the  top  of  the  cylinder  (not  a  marine  engifie). 
The  steam  comer  A  shows  the  valve  at  the  commencement  of  the  stroke  to  be 
rather  too  forward.  It  would  be  better  were  it  a  little  later.  Then  the  dia- 
gram would  be  a  little  rounded  at  the  corner  A,  thus  preventing  the  steam 

Fig,  12. 


from  pressing  too  much  upon  the  piston,  when  the  crank  is  the  ^plum 
ctotre."  The  engine  is  supposed  to  be  working  without  expansion.  The 
steam  continues  to  the  end  of  the  stroke,  as  shown  at  B,  nearly  at  the  same 
pressure  the  whole  length,  showing  that  the  valve  on  the  steam  side  has  been 
open  the  fiill  length  of  the  stroke.  The  commencement  of  the  exhaust  oorfier 
O  being  rounded,  shows  that  the  valve  is  too  late.  It  would  be  better  had 
the  exhaust  ''more  lead" ;  that  is,  were  the  valve  on  the  exhaust  side  to  open 
a  little  sooner.  This  would  allow  the  steam  to  escape  into  the  condenser 
earlier,  and  give  more  power  to  the  steam  at  the  commencement  of  the 
stroke.  The  termination  of  the  exhaust  comer  D  being  square,  shdpvihe 
valve  also  to  be  too  late  in  dosing  the  exhaust.  If  dosed  seoner,  aa  before 
explained,  the  engine  would  work  much  better.  Should  the  valve  be  ^  D 
or  a  common  slide  three-port  valve,  add  a  little  less  to  the  steam  side,  and  set 
fbrward  the  valve  by  the  eccentric.  The  valve,  in  that  case,  would  nof  open 
ftdl  port.  The  exhaust  would  be  opened  sooner  and  closed  sooner,  wluch  iis 
required.  It  would  then  show  a  rounding  at  the  comer  D,  in  proportion  to 
the  distance  the  valve  had  been  moved  forward.  If  tapit  valves,  tboy  can 
be  regulated  independent  of  each  other,  by  the  moving  of  the  tapits. 

TT 
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296.  Explanatory  Diagram,  Fig.  13. — ^In  practice  the  steam  is  generally 
out  off  sometime  before  the  end  of  the  stroke,  and  the  pencil  always  stops  in 
in  its  descent  before  reaching  the  line  of  no  pressure,  CD,  fig.  10.  The  dia- 
gram, fig.  1 3,  shows  the  usual  shape  of  those  taken  from  marine  engines, 
and  under  the  letters  TT.P.  uniform  pressure,  I.P.  increasing  pressure, 
D.P.  decreasing  pressure,  a  correct  opinion  can  be  formed  of  the  varying 
pressures  in  the  cylinder.  The  engine  is  supposed  to  have  30  inches 
•troke,  the  pressure  of  steam  in  the  boiler — say  35  lbs.;  in  order  to 
make  the  explanation  as  lucid  as  possible,  we  will  suppose  the  piston  to  be 
at  the  bottom  of  the  cylinder  receiving  steam ;  this  steam  to  be  cut  off  when 
the  piston  has  travelled  a  certain  distance  upwards ;  the  valve  to  open  to  the 
exhaust  a  certain  distance  before  the  piston  reaches  the  top,  and  to  continue 
open  until  the  piston  has  nearly  come  to  the  bottom  again ;  this  diagram 
will  therefore  tell  us  what  has  been  going  on  on  the  under  side  of  the  pision. 
For  the  better  imderstanding  of  the  diagram,  it  is  drawn  to  a  scale  of  ^ths 
(the  spring  used)  the  pressure  carried  by  the  boiler,  35  lbs. ;  and,  also,  as 
the  length  of  the  diagram  always  corresponds  to  the  length  of  the  stroke, 
it  is  also  divided  into  five  equal  spaces,  each  space  will  therefore  be  equal  to 
6  inches  of  travel  of  piston.  At  the  point  on  the  diagram  where  the  steam  is 
admitted,  it  will  be  observed  that  the  line  shoots  straight  upwards,  this  is  owing 
to  the  indioator-piston  being  acted  upon  by  the  steam,  marked  IP,  while  the 
piston  of  the  engine  is  for  a  moment  stationary  on  turning  the  centre,  but, 
on  the  engine-piston  commencing  to  move,  this  line  falls  quickly,  forming  a 
loop,  the  piston  is  moving  upwards,  the  pressure  of  the  steam  continiied 
uniform,  mftrlriTig  the  straight  line  UP ;  but  it  will  be  observed  that  a  little 
before  the  point  marked  ''admission  closed"  the  line  begins  to  curve 
downwards,  this  is  owing  to  the  port  being  gradually  closing,  and  at  the  point 
marked  ''admission  closed"  (corresponding,  as  wUl  be  seen,  to  a  travel  of 
12  inches  of  the  piston)  the  steam  is  "  cut  off,"  and  by  reason  of  the  expan- 
non  of  the  steam  and  consequent  decrease  of  pressure,  the  line  falls  rapidly, 
marked  DP ;  this  line  assumes  a  curved  form  called  the  expansion  curve. 
At  the  point  marked  "exhaust. opens"  (corresponding  to  a  travel  of  27 
inohes  of  the  piston,  or  3  inches  firom  the  end  of  the  stroke)  the  line  fjalls 
suddenly,  consequent  on  the  release  of  the  steam  to  the  condenser.  At  the 
point  marked  "exhaust  full  open"  the  piston  is  almost  at  the  end  of  its 
npstrpke,  and  the  steam  that  forced  it  upwards  has  been  condensed,  therefore^ 
whatever  vacuum  is  produced  in  the  condenser,  the  same,  or  nearly  so,  must 
UOY  be  on  the  imder  side  of  the  piston.  The  return  stroke  downwards  oom- 
inei^ces  on  the  diagram  by  a  round  falling  comer  marked  DP ;  this  is  owing 
to  the  condensation  of  the  steam  not  being  instantaneous,  thereby  occasioning 

alight  back  pressure  for  a  short  distance.    The  line  marked  UP,  oontinues 
ight,  indicating  the  vacuum  effect,  until  the  point  marked  "exhaust 
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dosed"  is  reached;  at  this  point  the  port  is  closed  to  the  condenser  (corres- 
ponding to  about  4  inches  from  the  end  of  the  stroke)  and  compression  begins. 
To  explain  what  '*  compression ''  means,  it  must  be  borne  in  mind  that  the 
process  of  condensation  is  not  complete,  else  a  perfect  vacuiun  would  be 
formed.  There  is  always  a  certain  amoimt  of  yapour  which  caimot  be  con- 
densed or  completely  abstracted  by  the  air-pumps.  Now,  suppose  the  exhaust 
to  be  dosed,  (as  in  the  diagram),  when  the  piston  has  travelled  26  inches,  or 
4  indies  from  the  end  of  the  stroke,  therefore,  when  the  piston  has  travelled 
other  2  inches,  or  28  inches  of  the  stroke,  this  vapour  will  have  double  the 
resisting  effect,  consequent  on  its  being  compressed  into  two  inches  of  space. 
The  effect  of  compression  is  as  the  space  occupied,  its  use  is  that  it  forms  a 
kind  of  dastic  cushion  or  buffer  to  each  side  of  the  piston  at  the  end  of  its 
stroke ;  without  a  certain  amoimt  of  compression,  there  would  be  a  straining 
(and  often  a  knocking)  of  the  cross  head  and  crank  pins;  it  will  be  evident 
that  too  much  compisession  makes  the  curve  large,  occasioning  an  apparent 
loss  of  power. 

13ie  following  diagram  is  taken  from  above  the  piston  of  a  steam  ship ; 
and  wiiat  follows  will  serve  as  an  explanation  of  it,  and  assist,  likewise,  in 
duddating  what  has  been  before  stated. 
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SnpiRffe  the  penoil  to  commenoe  at  A,  and  trace  out  the  curve  in  the  direction  of  the 
arrow,  ^e  see  that  the  steam  preeerves  its  first  and  highest  preesore  for  a  oonsideirable 
portion  of  the  stroke,  viz.,  from  A  to  0 ;  from  C  to  B  the  downward  stroke  oontinnes ;  hot 
the  steam  begins  to  lose  its  pressure,  although  at  a  variable  rate,  decreasing  rapidly  at  D. 
At  B,  the  motion  of  the  piston  oeases ;  but  the  steam  continues  to  fall,  tiU  at  length  the 
pendl  moves  back  nearly  horizontally  for  some  space,  showing  the  pressure  to  ooatiniie 
invariable,  although  the  piston  is  rising.  At  F,  however,  8  shows  the  steam  pressure  to 
increase  rapidly  and  suddenly,  the  piston  still  ascending,  till,  as  this  oblique  line  meKges 
into  the  vertioal  one  at  G,  we  perceive  that  the  piston  has  arrived  at  the  upper  end  of  its 
stroke^  and  the  firesh  influx  of  steam  drives  the  pencil  up  to  A.  From  this  point  the  penoil 
will  retrace  the  same  curve. 


every  change  and  every  deviation  of  the  engine  is  exhibited,  in« 
eluding  those  of  expansion,  lead,  traverse  of  the  valve,  and  closing  of  the 
exhaust.  Expansion  produces,  to  all  appearance,  an  irregular  or  defective 
diagram  (see  figs.  13,  14,  &c.),  but  this  is  not  the  case,  because  the 
dimimshed  pressure  of  the  steam  at  the  end  of  the  stroke,  or  at  the  termina- 
tion of  the  piston's  descent,  is  much  below  the  pressure  of  the  atmosphere^ 
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thereby  reducmg  the  steam  to  a  low  degree,  which  is  more  than  oompensated 
by  the  saving  of  fuel.  A  very  little  lead  of  the  valTe  is  required,  if  the 
pressure  be  high.  The  closing  of  the  exhaust  before  the  termination  of  the 
stroke  is  called  cushioning  the  piston.  This  will  have  to  be  regulated 
according  to  the  speed  of  the  engine.  The  piston  and  most  of  the  working 
parts  of  an  engine  having  to  be  reversed,  require  to  be  brought  to  a  stand 
before  the  return  stroke.  The  steam  left  in  the  cylinder  will  be  compressed, 
and  check  the  speed  of  the  piston  at  the  end  of  the  stroke.  The  elasticity  of 
the  compressed  steam  between  the  bottom  or  the  top  of  the  oylinder  and  the 
piston  is  ready,  by  its  force,  to  commence  the  return  stroke  with  ease, 
preventing  an  undue  strain  upon  the  engine.  The  steam  side  of  the  valve 
does  not  require  to  be  as  forward  as  when  the  exhaust  is  open  the  full  leng^ 
of  the  stroke.  For  very  quick  speed  of  the  piston  the  opening  on  the  steam 
side  requires  to  be  earlier,  and  as  much  steam  admitted  before  the  stroke  is 
completed  as  will  check  the  speed,  and  act  as  a  cushion  or  buffer  to  the 
pistcm. 

Fig.  14  is  what  would  be  termed  a  good  diagram^  so  also  is  Fig.  15,  which 
we  will  take  in  further  elucidation  of  the  subject. 

(a)  It  appears  from  this  diagram,  howeyer,  that  the  indicator  worked  rather  tightly, 
%ldeh  oansed  it  to  stick  a  little  in  some  pUoas,  as  is  evidenced  by  the  steps  in  the  expansion 
line^  and  also  at  a  d  in  the  yaonom  line.  If  the  piston  of  the  indioator  becomes  mnoh 
scratched,  similar  effects  will  be  produced.  Great  care  shonld  therefore  be  taken  in  its  use 
to  see  that  the  piston  neither  works  too  tightly  nor  too  Ibosdy ;  for  on  the  one  hand  it  will 
stick,  and  thereby  prodnce  an  imperfect  outline^  and  on  the  other  hand  will  produce  the 
same  effect  by  exhibiting  feUse  vacanm  and  expansion  lines.    (See  pages  314—315.) 


Fig.  15* 


{b)  Should  Fig.  15  instead  of  being  as  shown  in  fall  lineSjJhave  the  lower  right  hand 
comer  eut  off  as  shown  in  dots  at  e  d,  tho  defect  would  have  been  that  the  exhaust  valve 
elosod  toa  soon— at  e  instead  of  e— occasioning  exoessive  eushioning  or  too  mndi  compression. 
With  some  engines,  however,  as  has  already  been  stated,  a  large  amount  of  cushioning  is 
necessary  to  prevent  them  thumping  on  the  oentns. 
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(0)  Should  the  line  d  m,  instead  of  being  at  right-angles  to  the  atmospheric  line,  be 
slanted  with  the  top  inelined  to  the  right  as  from  I  to  m,  it  would  show  there  is  ezoaMlTO 
lead  given  to  the  steam  valve. 

(d)  Had  the  upper  right  hand  comer  been  slanted  oif  or  rounded,  as  shown  bj  tlia 
dotted  line  f^,  the  defect  would  have  been  that  the  steam-valve  opened  too  late,  caiued  by 
valves  having  too  little  lead. 

(e)  When  the  exhaust  comer  is  cut  ofE;  as  shown  by  the  dotted  line  A  i^  it  shows  that 
the  ezhaust-valve  opens  too  soon. 

(/)  But  if  the  exhaust  comer  had  been  in  the  form  shown  by  the  dotted  line  ki^Um 
ezhaust-valve  would  have  opened  too  late,  and  after  it  did  commence  to  open,  would  open 
with  too  slow  a  velocity,  preventing  the  free  escape  of  steam,  or  the  exhaust  passages  would 
have  been  too  small,  which  would  produce  a  similar  effect  to  the  valve  opening  too  slowly. 

(p)  Should  the  steam  line,  instead  of  being  parallel  to  the  atmospheric  line,  &I1  in  as 
shown  by  the  dotted  line  tn  n,  it  shovra  that  the  throttle-valve  is  partially  dosed,  or  the 
steam  passages  too  small,  preventing  the  full  flow  of  steam  into  the  cylinder.  It  will  bo 
seen  that  the  pressure  is  not  maintained  uniformly  for  any  part  of  the  stroke,  by  reason  of 
a  diminished  supply  of  steam. 

297.  The  manner  of  laying  ont  a  true  Hyperbolie  Cnrre.— In  the 
case  of  an  expansive  engine  the  theoretical  cnrve  of  expansion  will  be  an 
hyperbola.  We  will  show  a  method  of  laying  out  the  curve  that  will 
be  found  useful  in  connection  with  the  diagrams.  In  fig.  16,  AB  is  the 
atmospheric  line,  and  OD  is  the  perfect  vacuum  line ;  0£  is  the  receiving 
line,  EF  the  steam  line,  and  at  F  the  steam  is  cut  off,  and  the  pencil 
describes  the  hyperbola  Y  ah  e  d^  called  the  expansion  line.  We  can  lay 
this  out  merely  by  applying  Mariotte's  law.     Divide  the  whole  length  of  the 

Fig.  16. 


stroke  OD  into  any  number  of  equal  parts,  and  observe  how  many  of  those 
parts  the  steam  follows.  In  the  case  under  consideration:  suppose  the  initial 
pressure  of  steam  is  60  pounds,  and  the  steam  follows  two  of  the  spaoes  into 
which  we  have  divided  the  stroke.  Then,  when  the  steam  reaches  the  third 
space,  its  volume  will  be  i^  times  what  it  was  originally,  and  its  pressure 
will,  therefore,  be  }  of  60  or  40  pounds.     Similarly,  as  at  the  fourth  division 
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the  volnine  is  doubled,  the  pressare  will  be  ^  of  60,  or  30  pounds.  At  the 
fifth  division  the  Tolume  is  2^  times  its  original  bulk,  and  the  pressure  is  f 
of  60  or  24  pounds,  and  so  on.  When  all  the  points  are  found,  describe  the 
curve  Vabcd.  "EY  ah cd DO  iBf  then,  the  theoretical  diagram  taken  from 
an  engine  canying  45  pounds  of  steam  per  gauge,  and  following  i  of  the 
stroke. 

An  experiented  engineer  can  tell  at  a  glance  whether  an  engine  is  in  good 
working  order  from  its  diagram ;  but,  neverthelees,  in  most  cases  it  would 
be  well  to  draw  the  true  curve,  in  order  to  ascertain  how  much  the  actual 
one  differs  firom  it,  for  by  this  means  we  can  ascertain  when  under  way, 
whether  the  valves  or  piston  leaks.  In  drawing  the  theoretical  curve  on  a 
diagram  taken  from  an  expansive  engine,  it  must  be  remembered  that  all  the 
steam  in  the  clearance  also  expands.  This  clearance,  then,  must  be  reduced 
to  an  equivalent  length  of  cylinder,  and  added  to  the  end  of  the  stroke. 
In  the  practical  case  the  curve  wiU  usually  £all  a  little  below  the  theoretieal 
curve.  If  it  is  veiy  much  below,  it  is  caused  by  a  leak,  either  in  the 
exhaust  valve  or  around  the  piston.  If  the  actual  curve  1b  above  the 
theoretical,  it  will  be  on  account  of  a  leak  in  the  steam  valve,  whereby 
stoam  is  admitted  to  the  cylinder  after  the  valve  is  closed.  Our  practical 
isEFyAil/m«/. 


Kg.  17. 
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Leaky  Piiton,  when  leaking  throogh- 
ont  the  whole  stroke.— This  diagram 
shows  the  appearance  produced  by  a  leaky 
piston  when  it  is  leaking  throughout  the 
whole  stroke.  It  will  he  noticed  that  the 
vacuum  line  is  imperfect,  because  of  a 
constant  leakage  of  steam  past  the  piston. 


Fig.  x8. 
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Leaky  Piston^  when  leaking 
through  a  portion  of  the  stroke.— 
This  diagram  shows  the  appearance 
produced  by  a  leaky  piston  when 
leaking  through  a  portion  of  the 
stroke.  It  will  be  observed  that 
the  vacuum  line  is  wavy,  and  the 
part  at  A  shows  a  vacuum  vitiated 
by  the  leakage  of  steam  past  the 
piston. 
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Leaky  81ides.^Thi8  is  «n  iUnt- 
tration  of  an  indicator  figure 
taken  from  an  engine  with,  leaky 
slides.  The  line  below  the  duh 
gram  is  the  lineof  perfect  Taoanmi 
and  the  dotted  line  shows  the 
figure  that  onght  to  be  made  if 
the  slide-valves  were  tig^ 
Should  the  steam  valves  leak 
while  everything  else  maaini 
tight,  the  terminatioii  of  tha 
expansion  line  will  be  too  high. 


298.  How  to  disoriminate  between  errors  due  to  the  slide-yalye  and 
these  due  to  the  eeoentric. — ^In  discriminating  between  an  error  due  to  the 
slide-yalve  and  one  due  to  the  eccentric,  remember  that  the  effect  of  ehifting 
the  eccentric  is  to  move  all  the  points  of  opening  or  of  closing  the  ports 
round  the  diagram  opposite  to  that  in  which  the  eccentric  has  been  shifted. 
The  effect  of  an  alteration  in  the  position  of  the  sUde-yalve,  or  of  any  of  the 
edges  of  the  slide-ynlye  is,  as  a  rule,  to  move  the  points  affected  by  the  altera- 
tion along  the  diagram  in  the  same  direction  in  which  the  yalve  or  yalye  edge 
has  been  altered.  When  the  yalye  does  not  open  to  admit  steam  untQ  the 
crank  has  passed  the  centre,  the  point  of  admission  is  an  exception  to  this  mle. 
The  points  are  all  in  pairs,  each  point  of  opening  has  a  corresponding  point 
of  shutting.  If  one  point  is  wrong,  find  whether  the  corresponding  point  on 
the  other  side  of  the  diagram  is  also  wrong,  and  whether  the  two  points 
require  to  be  shifted  round  upon  the  diagram,  or  whether  they  require  to  be 
moved  along  the  diagram  in  the  same  direction,  and  state  the  alteration 
required. 

299.     Effects  produced  on  an   indicator  diagram  by  shortening  and 
lengthening  slide-rod. 

Figs.  20  and  21  show  a  full  speed  diagram  with  lap,  and  one  without  lap 

on  the  slides. 

Fig.  20. 


B 
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In  the  diagmn.  Fig.  ao,  it  is  Bhown  tliat  the  steam  is  oaxried  uniformly  to  the  end  of  the 
stroke ;  but  in  Fig.  ai  it  will  be  seen  that  it  is  cat  off  when  the  piston  has  some  distaaoe  to 
trayel,  which  is  caused  by  the  lap  on  the  valve.  In  the  former  case  the  valve  only  jost 
covered  its  ports,  therefore,  it  is  only  shnt  at  the  end  of  its  stroke ;  bat  in  the  latter,  by 
means  of  the  lap,  the  port  is  closed  sooner,  and  steam  is  admitted  to  the  opposite  side  of  the 
piston  before  the  completion  of  its  stroke. 

Fig.  ai. 


Obserre  that  if  the  ouahioning  corner  of  an  indicator  diagram  is  Tery 
square,  it  may  be  attributed  to  too  little  lap  being  on  the  ezhanit  dde  of 
the  alide-YalTe. 

The  following  diagramBi  Figs.  22  and  231  illustrate  the  effect  produced  by 
shortening  the  slide-rod. 

Toi^  ^offEM^—fShortmriitg  th$  tod,) 
Fig.>a. 


B 


The  effects  on  the  Top  Strol»  (Fig.  aa)  are  that  the  steam  enters  sooner,  A ;  the  eat-off  is 
later,  B ;  the  ezhaost  is  later,  0 ;  and  the  slide  is  closed  sooner,  D ;  in  other  words,  the 
defoots  i^own  by  the  diagram  Are  that  the  steam  line,  AB,  is  too  long,  or  spread  oat|  and 
the  exhaust  line,  OD,  is  oontraoted. 

Bottom  Stbokb.— ^/SAor^ti^  iU  r<d.J 
Fig.  a3. 
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On  the  Bottom  Stroke  the  e£fect  produced  is  exactly  the  oppoute,  for  we  find  the  steam 
is  late  in  entering,  A.  The  steam  is  cut  off  quicker,  B.  The  port  is  open  to  the  exhanst 
sooner,  G ;  while  the  closing  is  later. 

While  the  efPect  produced  by  lengthening  the  slide-Talve  rod  is  precisely 
the  opposite  of  what  has  just  been  explained. 

Top  Stsokb. — f Lengthening  the  rod). 
Pig.  24. 

B 


By  this  we  find  that  on  the  Top  Stroke  the  steam  is  late  in  entering  the  cylinder,  A 
(Fig.  24),  the  ralve  not  opening  sufficiently  early. 

The  dide-yalTe  has,  it  will  be  seen,  out  off  the  snpply  at  an  earlier  stage,  B. 

The  exhaust  is  also  sooner,  0,  while  at  the  termination  of  the  stroke  the  slide  is  longer  ia 
dosing,  D.  In  other  words,  the  defects  of  the  (Top)  diagram  with  the  slide-rod  too  long 
are,  the  steam  line  is  contraoted  or  too  short,  and  the  exhaust  line  is  too  long. 

Borsou  BTEOTB,-^(Zenffihening  the  rod). 

Pig.  25. 


On  the  bottom  stroke  the  steam  enters  sooner,  A ;  the  cut-off  is  later,  B ;  the  exhaust  is 
later,  0 ;  but  the  valye  at  the  end  of  the  stroke  is  closed  sooner,  D.    (See  fig.  25.) 

300.  ninstration  of  the  effect  produced  by  altering  the  position  of  fhe 
ecoentric. — Advancing  the  eccentric  round  the  shaft  causes  the  eccentric  to 
put  the  slide  into  all  its  positions  of  admission,  cut  off,  exhaust,  cusbioningi 
&0.9  a  little  earlier  than  formerly,  while  the  contrary  effect  is  produced  by 
moving  it  backwards. 

Por  ezamplc^In  a  diagram  taken  after  advancing  the  eccentric  (Pig.  26)  where  the 
onshioning  is  early,  D ;  the  cut-off  ib  early,  B ;  and  the  exhaust  is  sooner,  0.  We  have  a 
diagram  something  similar  to  that  given  when  the  slide-rod  is  too  short,  because  all  the 
movements  of  the  slides  are  too  early,  but  the  comers  will  be  sharp  and  irregular  instead 
of  round.  There  is  a  distinction  between  this  case  and  the  cases  where  the  ecoentrio-rod 
is  too  long  or  too  short.  In  the  case  imder  consideration  the  same  fault  would  exist  in  the 
diagrams  taken  from  the  top  and  bottom  of  the  cylinder ;  but  when  the  slide-rod  is  in  firalt, 
opposite  defects  would  exist  at  top  and  bottom  (see  Pigs.  23,  24,  25,  and  26}. 
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Advancing  the  Eeeentrie, 
Fig.  26. 
Q 


And  in  a  diagram  taken  after  backing  the  eocentric,  where  the  euihionmg  is  late,  D ;  the 
steam  ia  late,  A ;  the  cut-off  ib  late^  B ;  and  the  exhaust  begins  later,  0.  It  is  evident, 
therefbre,  that  if  the  stop  of  the  eocentric  be  not  Buffioiently  forwardi  the  diagram  will  be 
too  ftill  at  every  position,  because  all  the  motions  of  the  slide  will  be  too  late. 

Backing  the  Bcemtrie. 

Kg.  27. 

B 


In  Figs.  22  to  25  the  defects  are  remedied  by  means  of  a  liner ;  but  in  Figs.  26  and  27 
they  are  remedied  by  means  of  the  sheave.  In  order  to  determine  whether  it  is  liner  or 
sheave  that  is  required  to  remedy  the  defect,  look  to  the  parts  of  the  figure  which  correspond 
to  the  valve  openings,  that  is,  to  the  part  which  showp  when  the  port  is  opened  to  steam, 
and  to  the  other  whidi  shows  where  it  is  opened  to  the  exhaust.  If  one  of  these  openings 
IB  90on  and  the  other  is  late,  then  the  defect  is  remedied  by  lining  up ;  but  if  these  points  of 
opening  are  both  toon  or  both  late^  then  the  defect  is  remedied  by  altering  the  sheave.  In 
Fig.  22^ the  port  is  opened  to  steam  Mon,  and  the  exhaust  port  opens  late ;  also  in  Figs.  24 
and  25  the  points  of  opening  are  one  80on  and  the  other  late  ;  hence  the  defects  in  each  case 
are  remedied  by  means  of  a  liner.  On  the  other  hand,  it  will  be  noticed  that  in  Fig.  26  the 
steam  and  exhaust  ports,  respectively,  both  open  ioon;  and  in  Fig.  27  both  open  late;  and 
the  remedy  for  such  defects  is  to  alter  the  sheave. 

Top.  Fig.  28.  Bottom. 


Fig.  28.  Too  mwh  lead  at  top  and  none  at  bottom.  At  the  top  steam  is  early  and  the  cut- 
off is  late^  while  the  exhaust  is  late  in  opening  and  closes  early.  At  the  bottom  steam  is  late  and 
the  cut-off  early f  the  exhaust  opens  early.    The  remedy  for  these  defiscts  is  to  line  ike  vabre  up. 
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Top. 


Fig.  29. 


Bottom. 


Fig.  29.  Thia  oase  is  directly  opposite  to  Fig.  28.  No  lead  on  the  top,  exhaust  opens 
late.  The  bottom  has  too  much  lead,  and  carries  the  steam  aboat  f  of  the  stroke ;  the 
eihanst  is  late  in  opening ;  bad  vaonom  line  and  exoessiYe  back  pressure.  The  yalve  is 
eridflatiiy  toohif^:  take  a  Hner  out  to  remedy  this. 


Top 


Fig.  30. 


Bottom. 


Fig.  30.    2ho  much  lead  both  top  and  bottom ;  exhaust  is  hU  in  cpmmg  and  closes  too 
oaosing  eaLoessive  cushioning.    Bemedy  :~Move  the  sheave  back. 


Top. 


Fig.  31. 


Bottom. 


Fig.  31.    There  is  no  lead  either  top  or  bottom,  steam  is  late,  and  cut-off  later,  exhaust 
late  in  opening.    Put  the  sheave  forward  to  remedy  this. 

Figs.  32  k  ^2*  are  two  diagrams  taken  from  a  steamer ;  32*^  was  taken  about  ten  minutes 
after  32.  In  both  of  these  figures  we  have  the  true  hyperbolic  curve  drawn  in,  with  and 
without  taking  the  clearance,  &c.,  into  account.  The  upper  curve  in  small  dots  is  the  true 
curve  when  the  clearance  is  taken  into  consideration,  and  the  lower  one  in  large  dots  is  the 
true  curve  without  reference  to  the  clearance,  &o.  In  figure  32*  the  steam  was  out  off  at  a 
very  early  part  of  the  stroke ;  the  importance  of  taking  the  clearance,  &c.,  into  considera* 
is  very  conspicuous.  The  dotted  Unes  on  the  right  of  the  diagrams  ^ow  the  amount 
are  lengtheiied  by  adding  the  clearance  space  in  nozzles;  &c.,  to  them. 


!t%e  InHeator. 


333 


M 

I 


I 


I^xmi  a  oaaual  impeotion  of  these  dfagmns  they  seem  to  present  an  anomaly  that  at  first 
is  difficult  to  solve.  Thus,  in  Hg.  32*  the  temunation  of  the  trae  expansion  cnrye,  oon- 
sidering  dearanoe,  &o^  is  about  one  pound  iU^09S  the  actual  curre,  whereas  in  Fig.  32  it  is 
two  pounds  behw  it.  The  first  would  indicate  the  exhaust  ralves  or  piston  leaked,  and  the 
second  that  the  steam  valyes  leaked,  while  the  exhaust  Talves  and  piston  were  tight.  Now, 
then,  since  one  was  taken  only  ten  minutes  after  the  other,  it  is  not  at  all  probable  that  this 
sudden  change  was  brought  about  in  that  short  space  of  time,  henceiwe  must  look  for  some 
defect  in  the  engine  that  would  occasion  it.  We  account  for  it  in  this  way  :~In  the  first 
case  the  steam  valve  leaked,  and  also  the  steam  piston,  but  the  piston  leaked  to  a  greater 
extent  than  the  valye,  that  is  to  say,  more  steam  passed  through  the  piston  and  into  the 
condenser  from  the  leakage  of  the  piston  than  enteored  the  cylinder  from  the  leakage  of  the 
valve ;  therefore  the  actual  curve  must  fell  below  the  true  curve.  In  the  second  case,  the 
steam  valve  also  leaked,  but  the  pressure  on  the  piston  fell  so  rapidly,  frx>m  expansion,  that 
it  became  too  low  to  force  a  passage  through  the  piston,  the  elastid^  of  the  packing  being 
sufficient  in  this  case,  though  not  in  the  other,  where  it  had  a  greatcor  pressure  to  sustain  to 
keep  it  tight ;  hence,  the  teue  curve  in  this  case  must  be  below  the*actual  curve,  agreeing 
precisely  with  the  conditions  of  the  figure. 

There  is,  however,  another  thing  which  would  produce  diagrams  similar  to  those  before 
us,  and  wluch  most  probably  caused  the  formation  of  these,  viz.,  leakage  about  the  cylinder 
heads.  Thus,  supposing  the  stuffing  box,  for  instance,  to  leak.  So  long  as  the  pressure  in 
the  cylinder  remained  above  the  atmosphere,  steam  would  blow  out,  occasioning  the  curve 
to  &U ;  on  the  other  hand,  when  cutting  off  short,  the  pressure  in  the  cylinder  would  soon 
fidl  below  the  atmosphere,  and  air  would  enter,  causing  the  curve  to  rise  exactly  as  shown 
in  the  figure. 
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BxpUnatory  Diagram,  Fig.  33.— This  diagram  represents  the  nsnal  form  wlien  tiMTO 
is  too  mueh  eompression.  This  is  owing  to  the  slide-Talve  dosing  the  exhanst  too 
soon,  oooasioned  by  having  lap  on  the  ezhanst  edge  of  the  yalve,  or  in  working  with  tiie 
link  not  in  foil  gear.  To  rem^^  tiiia  former  defoot,  a  piece  most  be  chipped  off  the  ezhanat 
edge  of  the  sUde-yalye,  bnt  this  cannot  be  done  without  affecting  the  ^int  marked  m 
diagram,  Tf\^,  13,  "ei^iist  opens ; "  for  it  must  be  borne  in  mind  that  if  the  erhswii  is 
longer  in  being  closed,  it  most  open  the  sooner.  Therefore,  if  the  diagram  taken  shows 
that  the  exhaust  does  not  take  place  soon  enough  (the  part  of  the  stroke  can  be  etmlj 
determined  or  measured  off  the  diajp;ram,  see  Fig.  13),  and  a  great  compression  eadsts,  Hiea 
a  pieoe  can  with  safoty  bo  tiJcen  off  the  exhaust  edge  of  the  valye. 
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BxpUnatory  IHagraiiit  Fig*  34* — Thia  diag^ram  represents  the  usual  form  when  there  is 
too  little  '*lead*'  or  a  **lea^  piston."  It  will  be  seen  that  the  piston  has  trayelled  some 
distance  before  the  pressure  oontinues  uniform;  this  should  never  be,  and  an  engineer 
would  be  muoh  to  blame  for  his  engines  showing  this  diagram.  He  can  remedy  the  tormer 
defeot  on  trying  the  '*  setting  of  the  Talves  "  (as  mentioned  formerly),  should  they  have  too 
little  "lead,"  by  taking  a  piece  off  the  steam  edges  of  the  sUde-yalve.  He  must  find  out 
the  latter  deliBot  by  admitting  steam  on  either  side  of  the  piston,  and  opening  the  indicator 
oock  to  the  opposite  side,  and  if  the  pistooiisleal^,  hemuBtlookto  the  "set"  of  the  packing 
ring  springs, 
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Bxplanatory  Diagram,  Fig.  34.*— This  diagram  haying  the  loop  in  the  comer,  is  ocoaaiomad 
by  the  sudden  inlet  of  ateam  jerking  up  the  indicator-piston ;  almost  all  diagrams  haye  tliif 
loop. 
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SxpUnatory  Diagram,  Fig.  35.— Thia  diagram  reprMents  the  rite  of  the  ezpantioii 
curve;  this  should  never  be,  for  whatever  vidve  is  used  to  ^'cut  off,"  yiis  curve  should 
always  fall ;  by  its  tendency  to  rise,  it  will  be  apparent  that  there  must  be  an  increase 
of  pressure  going  on  after  the  steam  is  out  off,  and  we  cannot  look  for  this  increase  any- 
where but  at  the  slide-valve  which  must  either  be  "  off  the  fiice  **  or  else  not  tight ;  the 
dotted  line  Rhows  the  difference.  Should  the  diagrams  taken  be  of  this  form,  the  engineer 
should,  at  the  first  opportunity,  examine  his  slide  valves ;  if  allowed  to  work  long,  and 
giving  this  diagram,  tiie  eylinder  lace  will  become  worse. 
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izplaaatory  Diagram,  Fig.  36.~Thi8  diagram  represoDts  the  uraal  Zona  wlieii  tlia  HatdlSS^ 
Talre  is  not  fall  open,  or  the  ports  too  small.  It  will  be  seen  that  the  pretraie  ia  not  aaia* 
tained  nniformly  for  any  part  of  the  stroke,  by  reason  of  a  diminished  supply  of  steam ;  the 
dotted  line,  or  what  the  diagram  should  be,  will  show  the  differonoe  or  loss  by  throttling. 
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In  further  eladdation  of  the  subject,  a  few  diagrams  (reduced)  are  addadi 

together  with  some  practical  hints  as  to  the  important  information  to  be 

obtained  finom  them. 

The  "  flteam  corner  *'  A,  or  oomneoo^ment  of  etzoke^ 
beiog  very  angular,  shows  that  the  valve  is  too  forward 
at  the  beginning  (see  page  320) .  AB  being  near  parallel 
to  the  atmosphtric  line,  shows  that  there  waa  no  ezpaaiioiit 
bat  supply  of  steam  to  the  end  of  the  stroke  with  pretty 
equal  pressure.  The  *' exhaust"  or  ** eduction  corner'* 
0  should  be  more  nearly  square  and  not  rounded  ofl^  the 
action  as  here  indicated  is  not  very  good,  as  the  ezhaast 
▼^▼e  openi  too  late,  therefore,  power  is  lost,  bewoflo  the 
■team  does  not  get  into  the  condenser  soon  enough.  D  is  the  lead  comer,  and  is  too  iqaar^ 
and  shows  that  the  valve  opens  too  late.  When  the  lead  comer  D  is  much  slanted  ofl^  H^ 
amount  of  lead  is  great  (see  also  Fig.  45) ;  but  the  cutting  away  of  the  lead  corner^  tca.ffnajyi 
extent,  is  not  to  be  looked  upon  as  a  defect.    (See  page  320). 

This  is  a  fair  average  diagram.  The  fulness  of  tha 
part  below  the  atmospheric  line  shows  that  a  good 
vacuum  was  obtained ;  the  depresBi9A  at  B  abpjn  ftf»X 
the  steam  was  cut  off  there  at  about  two-thir^P  th^ 
whole  stroke  of  the  piston  (as  measured  by  «  y) ;  henoe^ 
from  B  to  0  the  steam  waa  acting  expai^vely.  At  Ap 
however,  it  shows  that,  if  not  caused  by  the  friotioii  of 

the  piston  of  the  indicator  itself,  there  was  too  sudden  a  rush  of  steam,  which  is  trying  to 

the  machinery  from  its  abraptnees. 

Fig.  39.  Thia  shows  an  inclined  supply  steam  line,  with  full  expansion,  exhamttcn,  and 
undulated  lead.  It  illustrates  the  imperfections  of  the  gear  used  for  the  supply  of  the  steam ; 
if  the  pressure  in  the  boiler  were  constant  and  the  gear  perfeot,  the  dotted  lines  indicate  the 
formation  that  should  have  occurred. 


Fig.  39- 


Fig.  40. 


Fig.  40.  This  engine  has  small  ste  im  ways,  as  shown  by  the  smallness  of  a,  the  steam 
side ;  the  vacuum  side  is  bad,  for  there  is  much  steam  uncondensed,  it  causes  also  noise  in 
the  cylinder  from  the  passages  being  too  small.  The  exhaust  valve  opens  too  latOf  hence 
the  steam  does  not  leave  the  cylinder  at  proper  time  (see  at  b) ;  there  wants  ''lead"  on  tlie 
exhaust  side ;  hence  waste  of  ftiel  and  considerable  loss  of  power. 

Hg.  41.  In  this  instance  the  steam  is  cut  off  at  half  stroke,  at  the  end  .Qf  vl^ch  there 
was  (aa  shown  at  a)  some  steam  to  condense ;  the  fulness  of  b  shows  there  was  a  good 


Fig.  41- 


Flg,43i, 


JKg.  4a.   'Steam  cot  off  et  one-third  stroke,  ( is  too  much  rounded.    Bzhantt  opcai  Ut$ 
CM^  heofiie  loss  of  powder. 
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Fig.  43.  In  this  case  the  Blide-valYe  reqaires  more  lead  and  more  lap.  The  exhaait 
opens  too  late  and  cloaes  too  late.  The  steam  ways  are  too  small  altogether.  The  Taenom 
is  very  good,  bat  too  rounded  at  the  exhaust  comer. 


Kg.43- 


Fig.  44.  In  this  case  a  shows  that  the  valve  has  no  leadi  and  that  the  pressure  of  steam 
strikes  the  piston  with  some  force,  to  the  great  strain  of  the  engine,  by  lis  suddenness ;  the 
part  b  shows  that  the  out-o£f  was  not  good,  the  steam  was  wire-drawn,  '*  entering  after  the 
eut^kff,"  and,  indeed,  the  wavy  lines  of  the  figure  indicate  great  dewmgoment  of  the  valves 
generally. 

Fig.  45.  In  this  figure  a,  by  being  too  much  rounded  and  hollowed,  shows  that  the  valve 
has  too  mueh  lead;  the  out  off  at  ^  shows  expansion ;  the  exhaust  opens  rather  early;  it 
is,  however,  a  pretty  good  diagram. 

Fig.  46. 


Fig.  46.  In  this  instance  the  steam  eomer  is  slanted  off,  the  steam  being  admitted  too 
late  to  the  engine  (see  page  320) ;  the  exhaust  is  too  soon.  Valves  out  of  order.  The 
rounded  comer  at  a  shows  cushioning,  caused  by  the  too  early  closing  of  the  eduction-Yalve 
befoi^  the  end  of  the  stroke,  whereby  steam  is  shut  in  and  compressed  by  the  piston. 


Fig.  47.    This  is  a  very  fitir  diagram,  steam  cut  off  at  first  grade ;  a  was  caused  by 
of  the  indicator  piston. 
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Fig.  48. 


Fig.  48.  In  this  diagram  a  shows  too  much  compression  or  cushioniong,  owing  to  the 
slide-valve  closing  the  exhaust  too  soon,  occasioned  by  having  lap  on  the  exhaust  edge  of 
the  valve,  or  in  working  with  the  link  not  in  full  gear. 
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300.  Top  and  bottom  Diagrams  exhibited  on  the  same  oard.  —It  has  been 
already  stated  that  the  indicator  may  be  attached  to  a  pipe  connected  with 
the  top  and  bottom  of  the  piston,  and  thus  both  the  diagrams  may  be  takea 
on  the  same  oard  without  shifting  the  ibstrument.     As  this  is  the  plaai 
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usually  adopted  at  present,  a  specimen  of  the  two  diagrams  is  given,  which 
is  as  follows : 

Pig.  49. 


It  will  be  observed  that  the  two  figures  face  each  other,  as  they  evidently 
ought  to  do. 

301.  Wh&re  aoeuracy  is  required^  a  diagram  should  he  taken  from  the  top  and 
bottom  of  the  cylinder. 

The  diagram  taken  finom  the  top  of  the  cylinder  shows  only  the  pressure 
and  vacuum  on  the  upper  side  of  the  piston,  and,  therefore,  cannot  indicate 
what  is  going  on  below  the  piston.  If  our  object  be  merely  to  calculate 
approximately  the  horse-power  of  the  engine,  and  it  be  in  tolerable  good 
working  condition,  it  is  not  of  much  consequence  whether  the  diagram  be 
taken  finom  above  or  below ;  but,  if  the  horse-power  is  required  with  any 
great  accuracy,  the  mean  result  obtained  finom  top  and  bottom  diagrams 
must  be  used.  It  will  often,  and  perhaps  most  generally,  be  found  that  two 
diagrams  taken  at  different  ends  of  the  cylinder  will  in  some  respects  be 
dissimilar.  In  estimating  the  horse-power  of  the  engine,  it  is  proper  that 
this  difference  should  be  known  and  the  average  of  the  two  taken.  If  the 
actual  state  of  the  engine  is  required,  it  is  necessary  to  examine  into  what 
is  passing  both  above  and  below  the  piston,  because  the  errors  in  one  part 
may  have  no  connection  with  the  errors  in  another.  This  will  be  the  case 
if  the  slide  is  too  long  or  too  short,  in  which  case  the  upper  part  may  be 
properly  covered,  and  the  lower  one  not  so ;  or  the  upper  slide-face  may  be 
steam-tight  and  the  lower  one  leaky ;  but,  if  the  indicator  be  applied  to  top 
and  bottom,  it  will  detect  all  these  inaccuracies,  and  prevent  our  attempting 
to  improve  the  working  of  one  side  to  the  detriment  of  the  other.  It  ought 
to  be  remarked  here,  that  in  direct-action  engines,  the  diagram  finom  below 
the  piston  is  generally  superior  to  the  other.  First,  because,  since  the  steam 
has  more  work  to  aooomplish,  the  piston  doM  not  run  away  from  ih«  steam 
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80  readily,  and  in  conseqaence,  the  steam  pressure  is  better  maintained  ;* 
and  there  is  generally  a  little  more  lead  to  the  slide,  to  allow  a  freer  ingress 
to  the  steam. 

There  is  also  another  reason  why  the  one  diagram  is  better  than  the  other. 
The  eccentric  and  crank  are  so  connected  that  they  revolve  together,  and 
on  account  of  the  smallness  of  the  throw  of  the  former  compared  with  the 
length  of  the  eccentric-rod,  if  the  steam  be  cut  off  when  the  crank  has 
described  a  certain  angle  from  the  top  centre,  it  will,  if  the  lead  be  the  same 
on  both  ports,  be  again  cut  off  when  it  has  described  the  same  angle  from 
the  bottom  centre,  but  because  of  the  shortness  of  the  connecting-rod,  the 
piston  will  not  have  traversed  so  far  when  the  crank  has  deicended  through  a 
given  angle  as  it  will  when  it  has  ascended  through  the  same  angle.  For 
instance,  when  the  crank  is  horizontal  and  descending,  the  piston  will  not  be 
half-way  down ;  but,  when  horizontal  and  ascending,  it  will  be  more  than 
half-wap  up ;  and,  hence,  as  the  crank  moves  from  the  top  centre,  the  space 
traversed  by  the  piston  till  the  steam  is  cut  off  is  less  than  when  moving 
from  the  bottom  centre.  It  therefore  follows,  that  in  direct-action  engines 
the  steam  line  is  continued  further  in  the  up  stroke  than  in  the  down  8trok% 
and  the  reverse  will  be  the  case  in  beam  engines ;  amd  this  difference  be* 
comes  more  apparent  as  the  connecting  rod  is  shorter  in  comparisf^n  witjj^  tbf 
crank. 

302.  To  calculate  the  mean  pressure  on  the  piston  throughout  the  stroke 
from  an  indicator  diagram. 

For  the  purpose  of  ascertaining  the  condition  of  the  valves,  piston,  &c.,  it 
will,  in  the  hand  of  an  experienced  engineer,  be  quite  sufficient  for  him  to 
see  the  general  outline  of  the  diagram ;  but  if  it  is  to  be  used  for  asoertain- 
ing  the  power  of  the  engine,  its  average  measurement  is  to  be  ascertainedf 
This  will  be  be  best  done  by 

RULE  OXXXTT. 

i^.  Divide  the  diagram  in  the  direction  0/  its  length  into  ten  equal  pmrU 
hy  drawing  nine  ordinates,  or  lines  perpendicular  to  the  atmospheric  line  «rf 
equal  distances.! 

*  The  difference  in  the  speed  of  the  piston  at  the  opposite  ends  of  the  cylinder  is,  at  th^ 
onter  end  of  a  direct-acting  engine,  from  one-sixth  to  one-third  greater  than  at  the  oraiik 
end — the  difference  varying  according  to  the  degree  of  angular  vibration  of  the  conneotiiig« 
rod.  In  side  lever  or  beam  engines  these  proportions  are  reversed,  and  the  speed  of  the 
piston  is  greater  at  the  upper  end  of  the  cylinder. 

t  Dividing  a  diagram  into  ten  equal  parts  is  a  somewhat  slow  process  by  rule  and  com* 
pass,  and  an  ingenious  contrivance  has  been  introduced  with  Mr.  Richabds'  indicator  fgr 
this  purpose. 

It  consists  of  a  parallel  rule  composed  of  eleven  bars  of  thin  steel,  and  two  strips ;  tad  by 
bringing  the  edge  of  the  first  bar  against  a  perpendicular  drawn  on  the  atmospheric  line^ 
the  contrivance  can  be  moved  so  that  it  contracts  so  as  to  be  equal  to  the  length  of  the 
diagram,  whatever  that  may  bo,  and  an  accurate  division  into  10  equal  parts  is  made  witfi 
9fffj^iDi^  ^iUty  by  drawing;  pencil  Unes  against  each  of  the  bars. 
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NoTB.—In  praotioe  10  is  the  usual  number  of  parts  employed  (see  fig^ure  fbUowing)  but 
any  number  may  be  made  use  of ;  and  the  greater  the  number  the  more  correct  will  be  the 
result  (see  Fig.  57).  The  advantage  of  taking  10  ordinates  instead  of  8, 9,  or  1 1,  is,  that  the 
division  by  10  is  accomplished  by  merely  shifting  the  position  of  the  decimal  point,  while 
10  ordinates  are  enough  to  enable  the  area  to  be  measured  accurately  enough  for  all  practical 
purpofes. 

2^  With  the  scale  to  which  the  indicator  is  comtruetcdf  mcacurc  between  the 
BpaiooB  the  distance  ^(wt  the  atmospheric  line  to  the  upper  outline  for  the  eteam 
side  J  of  the  diagram  until  this  croeses  the  former,  if  it  doee  bo.  Next,  repeat  the 
proceeefor  the  area  between  the  atmospheric  line,  or  the  expansion  curve,  (rfler 
it  hoe  crossed  this  line  and  the  lower  outline  of  the  diagram.  (See  Fig.  50  and 
52  in  illustration.) 

3^  Take  the  sum  of  the  measurements  of  the  steam  side,  then  of  the  vaouum 
side,  and  divide  jy  ic  m  each  case. 

4^  Add  vacuum  to  steam  which  gives  t%e  total  mean  pressure  for  each  part 
tf  the  itrolte. 

In  finding  the  mean  efiEective  pressure  off  fhe  diagram  it  is  not  at  all 
neoessaxy  to  take  the  steam  and  vacuum  effects  separately.  The  usual  and 
most  expeditious  mode  is  to  proceed  thus : — * 

(a)  Take  measurements  at  once  completely  across  the  diagram^  that  is,  meaeure 
hetween  the  spaces  from  the  vacuum  line  to  the  steam  line;  note  these  scale 
distances  down. 

(5)  Add  the  whole  together  and  take  the  mean  bg  dividing  bg  10,  the  result 
lb  fhe  total  mean  pressure. 

In  the  case  of  a  double  diagpram,  or  diagrams  from  top  and  bottom  of 
cylinder  combined,  proceed  as  directed  in  Nos.  2^,  3^  and  4° ;  or  as  directed 
in  4^  (a)  and  (h),  then, 

5^  Zastfyf  add  top  and  bottom  together,  and  divide  by  2,  the  result  is  the 
Average  of  both,  or  the  mean  pressure  for  the  whole  double  stroke. 

Non. — ^The  mode  of  admeasurement  as  given  in  paragraphs  a%  3^,  and  4*,  of  the  fore- 
going rule  is  not  a  strictly  accurate  one  for  ascertaining  the  power  of  any  condensing  engine, 
the  steam  line  of  which  expands  below  the  atmospheric  or  datum  line.  The  method,  how- 
ever, does  not  give  a  really  wrong  result  when  it  is  wished  to  ascertain  the  grou  power  of  an 
ehgine  by  means  of  the  indicator;  i^  however,  it  be  desired  to  find  teparatelff  the  respective 
values  of  the  tieam  and  vaeuum  pressures,  the  method  is  decidedly  incorrect.  The  greet 
pressure  on  the  piston  throughout  the  stroke  is,  by  this  method,  obtained  at  the  expense  of 
double  work — it  not  being  at  all  necessary  to  measure  separately  the  ordinates  of  the  steam 
and  vacuum  curves.  In  any  properly  constructed  condensing  engine  the  steam  line  of  the 
diagram  expands  below  the  atmospheric  line.  At  the  beginning  of  the  stroke  it  is  above  the 
line,  and  farther  on  it  is  below  the  atmospheric  line.    In  adding  up  the  steam  pressures,  only 

•  This  is  the  method  that  is  always  adopted  by  the  steam  department  of  the  Admiralty, 
•ad  the  principal  flxins  in  the  kingdom. 


344 


The  Indicator. 


the  plui  pressares  above  the  atmospheric  line  are  taken  into  account,  while  the  imimu  steani 
pressures  below  the  atmospheric  line  are  neglected.  In  adding  up  the  Taouum  pressures, 
instead  oflaking  the  complete  vacuum  up  to  the  atmospheric  lino,  the  ordinates  are  measured 
between  the  steam  line  (that  happens  to  be  below  the  atmospheric  line)  and  the  vacuum 
and  exhaust  line.  It  will  be  at  once  perceived  that  the  steam  pressure  is  exaggerated  by 
only  taking  the  plus  pressures  into  account,  while  the  vacuum  pressures  are  detracted  from 
by  not  measuring  them  from  the  atmospheric  line.  The  total  amount  comes  ri^ht  at  last ; 
but  the  uparaU  values  of  the  steam  and  vacuum  pressures  are  wrong. 

But  it  happens  that  there  is  a  simple  plan  by  which  a  person  totally  nnoonsoious  of  the 
deep  mysteries  of  plus  and  minus  can  take  the  separate  values  of  the  steam  and  vacuum 
pressures  from  an  indicator  diagram.  It  is  one  often  employed  in  the  steam  department  of 
the  Admiralty.  The  atmospheric  line  is  taken  as  equal  to  15  lbs.,  and  from  this  line,  as  a 
point  of  departure,  fifteen  other  lines  are  marked  by  the  scale,  thus  coming  below  the 
vacuum  line  of  the  engine  up  to  the  true  vacuum  line  of  a  perfect  exhaust.  The  lowest  Ims 
is  then  taken  as  the  t&ro  or  datum  line,  and  the  actual  pressure  (not  the  relative  pressures  as 
compared  with  the  atmosphere)  of  both  the  steam  and  vacuum  line  can  thus  be  obtained. 
The  difference  between  the  two  pressures  gives  the  gross  or  actual  pressure  on  the  piston. 


Ex.  I.    Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is 
cut  ofl^  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P 

Fig.  50. 


In  the  accompanying  copy  of  an  actual  dia- 
gram, the  horizontal  line  represents  the  atmo- 
spheric line ;  a  graduated  scale  is  on  the  leh, 
which  measures  the  pounds  pressure  upon 
every  square  inch  of  the  piston  surfitce,  as 
«^  previously  ascertained  by  the  maker.  Nine 
ordinates  to  the  atmospheric  line  are  drawn  at 
equal  distances,  thus  dividing  the  space  in 
length  into  10  equal  parts,  the  measurements 
are  taken  at  once  completely  across  the  diagram, 
(see  4°  a),  and,  as  an  example,  the  length  a  b 
indicates  that  in  the  interval,  while  the  parts 
of  the  curves  at  a  and  at  b  were  being  traced 
by  the  indicator,  there  was  a  pressure  in  the 
cylinder  of  18  pounds  to  the  square  inch ;  the 
sum  of  all  these  areas  divided  by  10  gives  the 
average  mean  pressure  of  steam  and  vacuum  in 
the  cylinder. 
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This  ii  a  diagram  showing  the  mode  of  detennining  the  effeotiTe  presflue  of  the  gteam, 
and  the  mean  vacuum  effeot,  these  combin§|l  are  the  *'  total  effeotiTe  pressure."  To  obtain 
these  proceed  as  follows : — ^Divide  the  diagram  into  lo  equal  spaces  or  points,  draw  lines  at 
right-angles  to  the  atmospheric  lioe  across  the  diagram  at  tfiese  points,  and  irith  the  wooden 
scale  ooiresponding  to  the  spring  used,  measure  between  the  spaees  from  the  atmospherio 
line  up\v::rds  to  the  diagram  line^  note  the  number  on  the  soale  corresponding  to  tbia 
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diBtanoe,  and  write  it  down  in  tbii  space ;  repeat  the  meaanring  and  noting  of  the  lo  spaces 
ahoye  the  atmoepheric  line ;  add  the  whole  of  these  measurements  together,  and  take  the 
mean— that  i^i  as  ten  measnrements  have  been  made,  the  amonnt  most  be  divided  by  lo; 
the  quotient  is  the  mean  efifective  pressure  of  the  iteam  upon  the  piston. 

Next,  measure  between  the  spaces  from  the  atmospheric  line  downwards  to  the  yacnnm 
line^  write  down  the  amounts,  add  the  wliole  together,  and  take  the  mean ;  this  quotient  is 
the  yaouum  effect  upon  the  piston. 

Ex.  a.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  Is 
cut  off,  whether  the  slide-yalve  is  correct  or  requires  alteration,  and  if  the  latter,  what? 

Fig.  5*- 
Scale  of  loths. 


04^ 


o 

4^ 


The  foregoing  diagram  is  taken  from  a  condensing  engine  (not  a  marine  one^  howeyer), 
which  engine  may  be  considered  a  good  example  of  expanding  steam  in  the  cylinder,  and 
also  of  the  setting  of  the  valves.  The  pressure  of  steam  in  the  boiler  is  30  lbs.  The  steam 
in  the  engine  having  expanded  to  6  lbs.  below  the  pressure  of  the  atmosphere  is  better  used 
up  than  in  most  cases.  The  steam  is  cut  off  at  one-seventh  the  length  of  the  stroke,  the 
pressure  of  the  steam  decreasing  as  the  piston  advances  the  other  six  parts  of  the  stroke. 

In  this  diagram  measurements  are  separately  made  from  the  atmospheric  line  to  the  steam 
and  vacuum  curves  respectively,  but  after  the  steam  line  expands  Mow  the  atmospheric  line, 
the  ordinates  are  measured  between  the  steam  line  and  the  vacuum  and  exhaust  line.  This, 
it  will  be  seen,  is  the  method  alluded  to  in  the  note  at  page  343,  No.  5°,  as  being  a  mode  of 
admeasurement  not  strictly  accurate  for  ascertaining  the  powtr  of  a  condensing  engine^  bat, 
as  before  remarked,  it  gives  the  grota  power  correctly,  but  in  finding  separately  the  steam 
and  vacuum  pressures  it  is  decidedly  incorrect. 

Bx.  3.  Work  out  an  indicator  card,  and  show  the  point  where  the  steam  is  cut  off, 
whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P 

Indicator  Diagram  of  S.8.  Havehok,  November  9th,  1858. 

Steam  ao  lbs. ;  vacuum  13^  lbs. ;  revolutioos  a6. 
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nie  diagram  la  di*{d«d  into  le  eqokl  puta,  and  the  pnaaiina  are  obUioed  by  meanniiig 
-    eMb  ny  outwards  from  the  atmoapherio  line  (Ho.  a°),  hi  the  middle  between  every  two 
diTWoDS  with  the  acale  aooompanyiDg  the  iodioator. 

Ex.  4.    Work  oat  an  indioktor  o«rd,  uid  «ho«  the  point  where  the  ateem  ia  out  oS, 
whathar  the  alide  valTO  it  oOROct  or  teqnirea  allaiatioii,  eod  if  the  lattw,  whatP 
Kg.54- 
SoaleofioUia. 


He  double  diegnnn  ia  fnat  the  top  and  bottom  of  a  aea-going  ooaating  aorew  ateamw. 
nie  oylindera,  two  in  nomber,  are  each  36  inohee  diameter ;  the  piaton  traTelllng  at  a  apeed 
of  ago  to  301  feet  per  mionta. 

^le  diagrami  are  taken  from  top  and  bottom  without  Bhiftiag  the  indicator,  by  hiTinf 
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the  itop-oooks  fitted  into  the  top  and  bottom  of  the  oylinden,  coanected  by  a  tii)M^  intotiia 
top  of  which  ii  fitted  the  indicator.  By  this  means  a  diagram  can  be  taken  fkom  top  and 
bottom  by  the  same  paper—both  figures  having  the  same  atmospherio  line.  In  osrillatfng 
engines,  or  those  of  the  direct-acting  kind,  where  it  is  inconyenient  to  erect  a  zadioa  bar,  it 
is  Qsoal  to  nse  a  large  and  small  pulley  to  reduce  the  stroke  of  the  piston  to  that  of  the 
indicator.  It  will  be  convenient  to  nuJce  the  small  pulley  in  the  form  of  a  grooved  oone,  so 
as  to  be  enabled,  with  fteUity,  to  adjust  the  stroke  of  the  indicator  to  the  proper  length. 


EXAMFLB  5.     Fig.  ss* 
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The  foregoing  diagram  is  taken  from  one  of  the  engines  of  a  well-known  steam  ship. 
The  scale  of  the  indicator  was  eight  poonds  to  the  inch. 

There  are  some  points  in  this  diagram  to  which  we  wish  to  direct  the  reader's  attention. 

The  line  eg\B  the  theoretical  expansion  curve  drawn  from  the  point  e.  The  line  CD  is 
the  line  of  perfect  Tacuum.  The  line  3  to  0  is  the  steam  line,  which  does  not  in  £GU)t  end  at 
«,  but  at  some  unknown  point  beyond  e. 

From  an  examination  of  this  diagram  we  leam  that  the  exhaost  port  was  coyered  at  the 
point/  of  the  return  stroke,  and  the  yapour  remaining  in  the  cylinder  was  then  compressed 
by  the  advance  of  the  piston  to  a  density  at  the  commencement  of  the  forward  stroke,  of 
about  five  pounds  above  the  atmosphere.  The  port  was  then  opened  for  admission,  and  the 
pressure  instantly  rose  to  fourteen  and  a  half  pounds  above  the  atmosphere.  The  port  being 
opened  wider  and  wider,  this  pressure  was  maintained  behind  the  advancing  piston  to  the 
point  0,  at  which  it  began  to  fiJl,  at  first  very  slowly,  from  the  gradual  closing  of  the  port 
by  the  cut  off  valve.  The  point  at  which  the  port  was  covered  cannot  be  identified.  It 
was  certainly,  however,  fax  beyond  the  point  0,  and  strictly  the  steam  line  continues  to  the 
point  of  cut  off;  however,  the  pressure  may  fall  before  that  point  is  reached.  At  the  point 
d^  the  pressure  had  fallen  by  expansion  to  two  pounds  above  the  atmosphere.  Here  the 
valve  began  to  open  communication  with  the  condenser,  and  before  the  piston  commenced 
its  return  stroke  the  pressure  on  this  side  of  it  fell  to  nearly  ten  pounds  below  the  atmos- 
phere, and  almost  immediately  after  a  vacuum  of  twelve  pounds  was  formed ;  and  when  the 
return  stroke  was  two-thirds  accomplished,  the  counter  pressure  suddenly  fbll  half  a  pound 
lower,  and  this  vacuum  was  maintidned  until  the  exhaust  port  was  closed. at  the  port/. 

It  will  be  observed  that  the  line  of  perfect  vacuum  is  drawn  at  the  bottom  of  the  diagram, 
and  the  line  of  boiler  pressure  as  shown  by  the  gauge  at  the  top.  The  line  of  perfect 
vacuum  in  diagrams  varies  in  its  distance  from  the  atmospheric  line ;  or,  more  correctly, 
the  latter  varies  in  its  distance  from  the  former,  according  to  the  pressure  of  the  atmos- 
phere, as  shown  by  the  barometer  from  i3'7i  lbs.  on  the  square  inch,  when  the  mercury 
stands  at  28  inches,  to  15*19  lbs.  when  it  stands  at  31  inches  {vide  Table  I  at  end  of  work), 
and  it  should  be  drawn  according  as  the  fact  of  this  can  be  ascertained.  The  engineer 
should  always  have  a  good  aneroid  in  his  pocket.  The  pressure  of  the  atmosphere  is 
uspally  reckoned  at  15  lbs.,  which  as  a  general  rule  is  too  high,  being  correct  only  when 
the  barometer  stands  at  30*6  inches ;  but  the  error  is  unimportant.  The  principal  object  of 
knowing  the  exact  pressure  of  the  atmosphere  is  to  ascertain  the  duty  performed  by  the 
condenser  and  air  pump.  The  temperature  of  the  discharge  being  known,  the  pressure  of 
yapour  inseparable  from  that  temperature  is  also  known  (vide  Table  at  end  of  work),  and 
this  being  deducted  from  the  actual  pressure  of  the  atmosphere,  the  remainder  is  the  total 
aAti^nable  vacuum  at  that  presture. 

The  space  between  the  steam  line  bto  e  and  tho  line  of  boiler  pressure  shows  how  much 
the  pressure  is  reduced  in  the  cylinder  by  throttUng,  or  by  the  infofficient  area  of  the  ports, 
proper  allowance  being  made  for  the  difference  of  pressure  necessary  to  give  the  required 
motion  to  the  steam,  and  that  between  the  line  of  counter  pressure  etof,  and  the  line  of 
perfect  vaouimi,  shows  the  amount  of  resistance  to  the  motion  of  the  piston. 

When  we  wish  to  ascertain  how  effectually  the  reeisUuice  of  the  atmosphere  is  removed 
from  the  non-acting  side  of  the  piston,  by  those  parts  of  the  engine  whose  function  is  is,  we 
must  calculate  separately  the  areas  of  the  diagrams  above  and  below  thb  atmospheric  line. 
In  case  ol  engines  working  very  expansively,  however,  the  expansion  curve  crosses  the 
atmospheric  line,  and  sometimes  at  an  early  part  of  the  stroke,  as  in  Fig.  5a.  In  such 
oases,  the  whole  space  between  the  atmospheric  line  and  the  line  of  counter  pressure  should 
be  credited  to  the  condenser  and  air  pump ;  not,  of  course,  to  be  considered  in  estimating 
the  power  exerted,  but  for  ascertaining  the  degree  of  economy  in  the  consumption  of  steam, 
which  depends  greatly  on  the  amount  of  vacuum  maintained. 

It  will  also  be  n<i>ted  that  the  Expansion  curve  e  d  does  not  coincide  with  the  theoretical 
ipansion  curve  e  g. 
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Ex.  6.    Work  out  aa  indioator  card,  and  ihow  the  point  whna  itm,  ateaiiL  U  cot  fi( 
whether  the  slide- valye  is  correct  or  reqaires  alteration,  and  if  the  kttor,  nhalP 
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Ex.  7.    Work  oat  an  indicator  oaxd,  and  ihow  the  point  where  the  steam  it  ont  oi^ 
whetkar  the  dida-iralTo  i«  coireot  ok  Bsqniree  i4tex«tion»  and  if  the  latter,  what  f 
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ne  IndiaOer. 


Btaun  19  Iba.;  TKnam  it  inoheai  isTolationa  jo.  Steam  oat  offat  iiinchM.  Umw 
preuiire  19'^  Ibt.;  horse-power  i9fii'4;  oylinder  So  inohei  diuueter;  (tiok*  4s  ioohet; 
ooiunmptioii  of  fOel  3S01  lbs. 

Ex.  7.    Work  out  an  indiuttot  card,  and  ibow  the  point  where  the  Bteam  u  cot  cM, 
whether  the  ilide-valTe  is  oorreot  or  Teqniies  oltersitdoii,  and  if  the  liittaT,  what  t 
■moMoq  -iqi  19.11  =  ig.ii  +  ti.oi 
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In  the  fbt^;oioe  Fig.  58,  which  is  a  doable  diagram  taken  from  tfaa  forward  engin«  ^ 
the  PeDinanlar  aitd  Oriental  S.S.  An,  top  and  bottom  iitrokee  being  repieeented  with  tha 
atmoipherio  line  through  tiie  centre,  on  the  right  of  which  is  shown  the  preunre  from 
vacaom,  aod  on  the  left  that  from  steam.  The  Humben  foe  the  top  itroke  on  the  ateaat 
■ide  are  at  the  aztieme  left,  and  thoM  representing  the  vaonum  are  adjoining  the  abxto- 
spherio  line.  Foi  the  bottom  stroke  the  number  repreeanting  the  steam  preanire  ie  iMtt 
tlio  atmospherio  line,  and  thoee  repreaentjng  the  Tacnnm  at  the  right  haad. 
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Ex.  I.    Work  out  an  indicator  card,  and  show  the  point  where  the  eteam  is  oat  off, 
whether  the  slide-yalye  ia  correct  or  requires  alteration,  and  if  the  latter,  what  P 
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In  tins  case  the  pencil  starting  from  the  atmoapherio  line  immediately  rises  up  to  5  Ihs. 
pcessore ;  bat  from  the  beginning  of  the  stroke  the  pressure  slowly  dedhies,  showing  that 
the  steam  is  wire-drawn,  at  about  fths  of  the  stroke  the  pressore  declines  more  rapidly, 
showing  that  at  that  point  the  steam  is  cat  o£^  leaving  the  rest  of  the  stroke  to  be  performed 
by  expansion.  Before  the  completion  of  the  stroke,  the  pressure  in  the  cylinder  has  frUen 
to  between  a  and  3  lbs.  below  the  pressure  of  the  atmosphere.  The  sltmOn^  awa^  at  ih$ 
mhution  corner  shows  that  the  eduction  passages  are  of  insufficient  area,  and  the  lead  comer 
ihowB  that  ihetn  is  more  lead  giyen  to  the  yalye  than  is  nsuaL 
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Fig.  60. 


ThiB  ii  a  doable  diagram  taken  from  one  of  the  paddle  engines  of  the  Or$at  EasUm  when 
on  her  trial  trip  in  the  Ohannel. 


It  will  be  obeerved  that,  to  a  great  extent,  the  yalTes  were  unevenly  set.  The  diagnun 
from  the  top  of  the  cylinder  ahowi  that  the  pressure  on  the  piston  was  ao  lbs.  above  the 
atmosphere,  ont  off  at  one-third  the  length  of  the  stroke,  and  expanded  down  to  atmo- 
spherio  pressure  at  the  termination.  The  diagram  from  the  bottom  of  the  cylinder  shows 
that  the  steam  was  upon  the  piston  equal  to  aa  lbs.  above  the  atmosphere,  cut  off  at  half 
stroke,  and  expanding  to  4  lbs.  above  the  atmosphere  at  the  termination ;  in  both  cases  the 
vacuum  being  za  lbs.  The  nimiber  of  strokes  ii|  and  the  speed  of  the  piston  331  feet  per 
minute.  The  exhaust  closed  when  the  piston  had  travelled  five-sixths  of  the  length  of  the 
cylinder,  checking  the  progress  of  the  piston  when  upwards  of  two  feet  from  the  end  of  the 
cylinder. 
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Ex.3. 


Top  of  cyUndar. 
Steam  aide. 


Fig.  6i. 
Scale  of  2oth8. 


Bottom  of  cylinder. 
Steam  nde. 


Vaoanm  aide. 
Top  aa*5  lbs.    Bottom  16*5  lbs. 
Afmoir,  Mean  Preeenre  19*5  lbs. 

This  IB  also  a  doable  diagram  from  the  paddle  engines  of  the  Or^at  BaaUrn^  taken  Jnna 
afiihy  1860^  when  she  had  been  nine  days  oat  on  her  first  yojage  to  Amerioa. 

The  pressure  on  the  boiler  was  a6  lbs.  per  sqaare  inch  aboTe  the  atniosphere,  and  21  lbs. 
were  brooght  upon  the  piston  at  the  bottom  of  the  cylinder,  cat  off  a  little  before  half 
stroke,  and  expanding  down  the  remainder  to  4  lbs.  below  the  atmosphere  at  the  termi- 
nation. On  the  top  of  the  cylinder  the  steam  exerts  a  pressare  of  30  lbs.  at  the  commenoe- 
ment,  and  oats  off  a  little  past  half  stroke.  The  average  pressare  was  23  lbs.  np  to  a  little 
past  half  stroke,  and  expanding  to  2  lbs.  above  the  atmosphere,  making  only  a  9  lbs. 
▼acaom.  The  exhanst  began  to  dose  at  one  end  of  the  cylinder  when  the  piston  had  to 
travel  2  feet  of  the  stroke,  and  at  the  other  end  the  exhaust  began  to  close  when  the  piston 
had  to  travel  one  foot.  It  will  be  perceived  that,  as  the  valves  are  now  set,  they  are 
exactly  the  reverse  to  the  position  Mr.  Scott  Bvssbl  had  them  (see  Fig.  60,  page  354),  when 
on  the  trial  trip  in  the  Channel,  so  far  as  regards^the  admission  of  steam  and  the  cat  off. 
There  are  objections  to  the  setting  of  these  valves  in  both  instances ;  bat  on  the  whde^ 
Mr.  SooTT  Bussxl'b  diagrams  are  superior.  The  early  closing  of  the  exhaust,  with  engines 
travelling  only  iif  revolutions  per  minute,  is  a  defect  calculated  to  diminish  the  power 
considerably,  from  the  engines  having  to  compress  such  a  great  quantity  of  steam  as  was 
left  in  the  cylinder  with  a  9  lbs.  vacuum,  acting  as  a  retarding  force  agunst  the  course  of 
the  piston.  The  steam  thus  left  in  the  cylinder  had  to  be  compressed  to  a  greater  pressure 
than  that  which  was  in  the  boiler.  The  diagram  shows  that  there  was  a  compressed  force 
of  30  lbs.,  which  had  to  be  overcome  by  the  force  of  the  other  engine  when  at  its  full  power 
as^sted  by  the  motion  of  the  ship.  If  these  engines  were  separated,  and  not  attached  to  a 
heavy  fly-wheel  or  some  other  body  in  motion,  the  piston  would  stop  before  it  arrived  at 
the  end  of  the  cylinder,  because  the  compressed  or  cushioned  steam  would  become  of  much 
greater  power  or  pressure  than  the  steam  on  the  propelling  side  of  the  piston,  or  that  in  the 
boiler,  because  the  steam  left  in  the  cylinder  could  not  escape  on  account  of  the  exhaust 
valve  closing  too  soon.  This  must  be  a  serious  drawback  to  the  working  of  the  engines, 
involving  a  loss  of  fuel,  besides  exposing  the  engines  to  the  danger  of  breaking  down,  by 
having  such  a  force  as  30  lbs.  of  steam  above  the  atmosphere,  upon  the  crank  and  piston  at 
plomb  centre — almost  as  bad  "  as  priming  "  in  the  cylinder.  There  need  be  no  wonder  at 
the  comparatively  slow  speed  those  engines  attained.  Withoat  taking  into  consideration 
various  other  defects  in  the  arrangement  of  the  valves,  there  is  an  almost  unpardonable 
defect  which  we  must  notice — the  amount  of  vacuum  obtained.  On  the  one  side  of  the 
piston  this  amounts  to  9  lbs.,  and  on  the  other  10  lbs.,  which  contrasted  with  the  diagram 
IfteiLon  the  fadal  trip  shows  a  deficiency  averaging  2^  lbs.  per  square  inoh  thvoaghont  tfao 
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■broke.  On  the  one  side  it  is  3  lbs.,  which  proves  there  mnst  be  Bomething  xeqidfiiig 
alteration.  That  4  lbs.  of  deficiency  in  the  Tacnum  provee  the  simple  &ot  that  an  ezftsa 
pressare  of  4  lbs.  of  steam  is  required  to  give  out  the  power  that  a  proper  condensatiofi 
would  have  given ;  in  other  words,  there  is  a  loss  of  20  per  cent,  in  fuel,  or  ao  per  oent.  in 
power.  The  loss  of  vacuum,  and  the  loss  of  power  at  each  end  of  the  stroke,  aooonntSy  to  a 
great  extent,  for  the  sbw  speed  of  the  engines  and  the  great  quantity  of  fuel  consumed. 

Ex.  4.    Work  out  an  indicator  card,  and  show  the  point  where  the  steam  is  cot  off; 
whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P 

Scale  of  loths  to  an  inch. 


Ex.  5.    Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is 
cut  off;  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P 


Top  of  cylinder 
Steam  side. 


Fig.  63. 
Scale  of  loths. 


Bottom  of  cylinder 
Steam  side. 


Vacuum  side. 
Top  19*27  lbs.    Bottom  18-55  lbs. 
Mean  Pressare  18*91  lbs. 
The  foregoing  double  diagram  is  taken  from  the  screw  engines  of  the  OtmI  Eastern  on 
January  26th,  i860,  during  her  first  trial  trip  to  New  York. 

The  pressure  of  steam  in  the  boiler  was  20  lbs.,  the  speed  of  the  piston  185  feet.     The 
of  steam  brought  upon  the  piston  at  the  bottom  end  was  16  lbs.,  and  at  the  top 
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end  1 8  lbs.,  with  a  partial  cut  o%  and  the  ordinary  dosing  of  the  valye  leaving  iteam  to 
oondenae  at  the  end  of  the  stroke,  aboye  the  atmosphere,  and  making  a  yacnnm  of  lo  to  ii 
lbs.  per  square  inch.  The  steam  being  exhausted  when  the  piston  has  to  trayel  one-seyenth 
the  length  of  the  cylinder,  that  portion,  or  nearly  one-seyenth  of  the  power,  is  lost,  the 
steam  being  condensed  before  it  has  given  out  its  full  power.  The  steam  ought  to  be 
better  used  up.  There  are  other  minor  points  in  connection  with  these  diagrams  that 
might  be  remarked  upon,  such  as  the  projection  on  the  bottom  diagram ;  but  as  the  reader 
will,  by  this  time,  have  acquired  a  tolerably  accurate  knowledge  of  the  subject,  and  be  able 
of  himself  to  point  out  or  oomprehend  such  defeots,  we  do  not  deem  it  neoeesaiy  to  dilate 
upon  them. 

Ex.  6.    Work  oht  an  indicator  card,  and  show  the  point  where  the  steam  is  out  off; 
whether  the  slide-yalye  is  correol  or  requires  alteration,  and  if  the  latter,  what  P 


Fig.  64- 


Fig.  64  represents  two  diagrams  from  the  engines  of  the  ironclad  8.8.  lUseareh.  This 
engine  is  fitted  with  surface  condensers.  The  serrated  deviation  at  a  is  caused  by  the 
momentum  of  the  piston  of  the  indicator. 

303.  On  High  Pressure  Diagrams.— In  the  case  of  a  diagram  taken  from 
a  high  pressure  engine,  the  whole  card  would  appear  above  the  atmospheric 
line,  as  the  steam  exhausts  into  the  open  air,  and  the  mean  pressure  is 
obtained  from  the  measure  of  the  depth  of  the  diagram  above  the  atmo- 
spheric line.  The  perpendicular  distance  between  the  lower  line  of  the 
diagram  and  the  atmospheric  line  indicates  the  resistance  to  the  motion  of 
the  piston,  caused  by  vapour  in  the  cylinder,  obstacles  to  a  free  exhaust,  and 
the  like.  The  back  pressure  is  this  pressure,  plus  the  pressure  of  the  atmo- 
sphere into  which  the  steam  exhausts. 

MfpUmatian  offigwe, — In  the  following  diagram  the  piston  moves  in  the 
forward  stroke  in  Uie  direction  shown  by  the  arrow,  and  backward  on  the 
return  stroke  in  the  direction  shown  by  the  arrow.  The  steam  being  sup- 
posed let  in  upon  the  piston  of  the  engine,  presses  the  piston  of  the  indicator 
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ap  to  the  point  shown  at  the  "  odnuBsioQ  comer,"  and  aa  the  piston  moias 
forward  the  Bteam  continues  to  press  upon  it  with  nndimlnisbed  preosnre, 
until  olose  to  the  end  of  the  stroke,  at  the  "eduction  oomer,"  the  ednotiim 
passage  is  opened,  and  as  the  steam  consequently  eacapes  into  l3iB  atmo- 
sphere, there  is  no  longer  the  same  pressure  on  the  spring  of  the  indioatiw  as 
before,  and  its  piston  consequently  desoends.  As,  however,  the  steam  cannot 
instantaneously  make  its  eeoape,  the  pressure  does  not  descend  quite  m  low 
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as  the  atmoepherio  line.  The  eduction  passage  begins  to  be  opened,  as  will 
be  seen  from  the  diagram,  when  about  nlne-tentha  of  the  return  stroke  has 
been  completed ;  and  it  also  begins  to  close  when  about  nine-tenths  of  the 
return  stroke  has  been  completed,  as  appears  by  a  reference  to  ^e  "  com- 
pression comer,"  which  shows  that  the  back  pressure  begins  to  rise  before 
the  termination  of  the  stroke.  The  area  comprehended  between  the  at- 
mospheric line  and  the  bottom  of  the  diagram  shows  the  amount  of  back 
pressure  resisting  the  piston,  which,  in  this  diagram,  is  of  the  average 
amount  of  ;'i  lbs.;  and  this  increased  back  pressure  at  the  compression 
oomer  is  produced  by  the  compression  of  the  steam  shut  within  the  cylinder, 
which  is  accomplished  by  the  piston  as  it  approaches  the  end  of  the  stroke. 

304.  On  Detennining  the  Keaa  Fressare  from  High  Preisure  Siagrami. 
— To  ascertain  the  mean  pressure  we  add  together  the  preesure  at  each 
division  or  ordinate,  and  divide  by  the  number  of  ordinates.  The  total 
amount  of  the  pressures  in  Fig.  65,  taken  at  ten  places  or  ordinates  is 
1175  lbs.,  and  the  tenth  of  this,  or  1  ty^  lbs.  per  square  inch,  is  the  mean 
pressure  on  the  piston  throughout  the  stroke. 
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The  following.  Fig.  66,  is  a  diagram  from  the  top  Bide  of  a  piston  of  a  high 
pressnre  or  non-condensing  engine,  the  action  of  the  steam  being  the  same 
as  in  the  condensing  engine,  except  that  the  exhaust  line  is  abore  the 

Fig.  (id. 


atmospheric  line.  The  line  a  5  is  the  atmospheric^line ;  d  to  ^  the  steam 
Ene ;  $  to /the  line  of  expansion ;  at /the  eduction  valve  opens,  and  allows 
the  steam  to  escape  into  the  atmosphere.  From  y  to  0  is  the  line  of  exhaust, 
and  the  distance  from  it  to  the  atmospheric  line  represents  the  back  pressure 
0n  the  top  side  of  the  piston  during  its  upward  stroke. 

On  diayramB  firam  n&n-eondensinff  engines  the  line  of  boiler  pressure  should 
be  drawn  at  the  top,  and  it  is  well  to  draw  the  line  of  perfect  vacuum  also, 
that  the  engineer  may  be  able  to  see  at  a  glance  the  quantity  of  steam  oon- 
anmed,  and  to  compare  with  it  the  amount  of  work  done.  It  is  not  possible 
{hat  the  back  pressure  resisting  the  motion  of  the  piston  shall  be  less  than 
the  pressure  of  the  atmosphere,  but  it  may  be  a  great  deal  more,  and  very 
commonly  in  non-condensing  engines  the  line  of  resistance  is  as  much  as  2 
or  3  lbs.  above  the  atmospheric  line,  though  it  is  quite  possible  to  avoid  this 
excess  altogether. 


COMPOUND  MAEINE  STEAM  ENGINE. 

A  Compound  Engine,  called  also  a  High  and  Low  Pressure  Engine,  is  an 
engine  with  two  cylinders,  the  one  frequently  double  the  diameter  of  the 
other.  The  use  of  two  cylinders,  as  a  means  of  uniting  the  full  economical 
advantages  due  to  complete  expansion,  with  the  practical  requirements  of 
equable  motion,  is  attracting  great  attention  amongst  the  engineers  of  the 
day;  and,  this  dass  of  engine  having  been  tried  with  the  use  of  high 
pressure  steam,  the  beneficial  results  obtained  have  induced  owners  almost 
univemally  to  adopt  them  for  vessels  going  long  voyages ;  indeed,  so  great 
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are  the  advantages  found  to  be,  that  most  of  the  large  steamship  companies 
have  had  the  single  cylinder  engines  existing  in  their  ships  replaced  by 
compound  engines. 

In  this  dass  of  engine  the  steam  from  the  boiler  first  enters  the  small 
cylinder  at  a  high  tension,  where  it  is  cat  off  at  from  one-third  to  one-half 
the  stroke,  and  the  steam  having  pressed  the  first  piston  to  the  end  of  the 
stroke  in  the  manner  of  a  high  pressure  piston,  escapes  or  exhausts  into  a 
jacket,  or  into  a  low  pressure  casing,  whence  it  then  enters  into  another 
(sylinder  of  larger  dimensions,  and  completes  its  work  there  by  expanding  to 
the  end  of  the  stroke,  being  fully  condensed  in  the  usual  manner.  The 
steam  is  expanded  by  this  two-fold  operation  to  about  six  or  eight  times  its 
original  volume.  The  pressure  urging  the  first  or  high  pressure  piston,  is 
consequently  the  difference  of  pressure  between  the  steam  in  the  boiler  and 
that  in  the  second  cylinder;  and  the  pressure  urging  the  second  or  low 
pressure  cylinder  piston,  is  the  difference  of  pressure  between  the  steam  on 
the  eduction  side  of  the  high  pressure  cylinder  and  that  of  the  vapour  in  the 
condenser.  There  will  be  a  small  difference  between  the  pressure  in  the 
communicating  parts  o£^e  high  and  low  pressure  engines,  just  as  there  is  a 
bqsaU  difference  between  the  vacuum  in  the  cylinder  and  that  in  the  con- 
denser. But,  in  well  constructed  high  pressure  engines  this  difference  wiU 
not  sensibly  detract  from  the  power. 

The  arrangements  of  the  compound  engine  which  have  been  from  time  to 
time  brought  into  use  are  various.  In  one  arrangement  the  position  of  the 
low  pressure  cylinders  is  side  by  side,  as  for  those  of  the  ordinary  kind ;  in 
some  cases  annular  cylinders  are  used,  viz.,  the  high  pressure  cylinder 
within  that  of  the  low  pressure.  Another  arrangement  is  that  in  which  the 
high  pressure  or  small  cylinder  is  erected  on  the  top  of  the  large  or  low 
pressure  cylinder,  having  a  fly  wheel  to  prevent  sticking  on  the  centre.  A 
third  arrangement  has  the  smaller  cylinder  at  the  fore  end  of  the  larger.  A 
fourth  example  consists  of  four  cylinders,  the  two  high  pressure  above  the 
low,  with  the  double  cranks.  The  best  and  most  convenient  arrangement  is 
the  two  cylinders,  connected  each  to  its  crank,  and  having  the  cranks  from 
90°  up  to  1 35%  with  starting  valves. 

Of  course  there  is  no  theoretical  gain  in  the  use  of  two  cylinders.  The 
economical  advantages  of  expansion  is  the  same,  whether  developed  in  a 
single  cylinder  or  a  double  cylinder  engine.  When,  however,  expansion  is 
carried  to  any  great  extent  in  a  single  cylinder,  there  is  a  great  irregularity 
of  pressure  at  different  parts  of  the  stroke.  The  initial  pressure  at  the 
beginning  of  every  stroke  produces  violent  concussion  thro^ig^  the  whole  of 
the  machinery,  and  in  proportion  to  the  degree  of  expansioji  used,  the  evil 
will  increase. 
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When  it  is  wished  to  attain  a  high  degree  of  expansion  in  marine  and 
other  rotatory  engines,  with  a  single  cylinder,  the  amount  is  limited  to  an 
extent  of  three  or  four  times,  from  the  great  strain  at  the  commencement  of 
the  stroke,  compared  with  the  mean  force  of  the  entire  stroke.  In  these 
engines  the  initial  blow  is  not  absorbed  by  the  inertia  of  a  large  mass  to  be 
put  in  motion  at  the  beginning  of  the  stroke,  forming  a  reservoir  of  power 
for  the  steam  while  expanding  through  the  remainder  of  the  travel  of  the 
piston.  Compounded  engines  are,  in  this  case,  peculiarly  advantageous. 
Of  course,  steam  engine  economy  almost  always  involves  additional  weight 
and  expense  in  the  engine.  This  is,  however,  in  this  case,  compensated  by 
the  reduced  number  of  boilers  and  furnaces  required  in  developing  a  given 
amount  of  power — a  fact  which  is  not  seldom  lost  sight  of  when  estimating 
the  relative  advantages  of  compounded  and  single  cylinder  engines. 

In  the  ordinary  compound  engine  the  larger  cylinder  is  worked  entirely  by 
the  exhaust  steam  from  the  smaller ;  but  there  is  a  further  modification  into 
what  is  called  the  eontinuom  expamion  principle,  by  Messrs.  Stewart  and 
NiOHOLSOK,  in  whose  arrangement  the  steam  partially  acts  on  both  pistons 
at  the  same  time.    (See  Figs.  80  and  81). 

310.  To  calculate  the  power  from  a  Diagram  off  a  Compound  Engine. — 
We  first  determine  by  a  diagram  and  a  computation,  such  as  in  figure  66^ 
{he  power  exerted  by  a  high  pressure  engine,  and  then,  in  like  manner,  we 
determine  the  power  exerted  by  the  low  pressure  engine  (see  £ule  CXXXTT, 
pages  343 — 344)*    The  total  power  is  obviously  the  sum  of  the  two. 

Szplaxiatory  Diagrams,  Figs.  68  and  69,  represent  a  diagram  from  the  high  pressnre 
cylinder  of  a  oomponnd  engine.  It  will  be  seon  that  the  bottom  of  the  diagram  representing 
the  exhanst  line  is  above  the  atmospheric  line,  thns  indicating  that  the  exhaust  steam  has  a 
presBore  above  the  atmospheric  pressure  (the  amount  of  this  pressure  can  be  easily  measured 
off  the  scale) ;  it  represents  the  back  or  resisting  preasure  upon  the  high  pressure  piston, 
and  18  due  to  the  amount  of  expansion  the  steam  undergoes  on  being  exhausted  into  the 
jacket,  or  receiver ;  therefore,  the  larger  the  area  of  this  jacket,  or  receiver,  the  greater  is 
the  amount  of  expansion  and  consequent  diminution  of  pressure,  or  back  pressure  upon  the 
high  pressure  piston,  but  this  back  pressure  is  of  paramount  importance  in  a  compound 
engine;  in  this  way  it  equalizes  the  power  developed  by  both  cylinders,  inasmuch  as  the 
greater  the  back  pressure  on  the  high  pressure  piston,  the  less  will  be  the  power  developed 
by  the  high  pressure  engine,  but  the  greater  power  will  be  developed  by  the  low  pressure, 
engine ;  and  should  the  high  pressure  engine  exhaust  at,  or  under  the  atmospheric  line,  the 
greater  will  be  its  power,  consequently,  the  less  will  be  the  power  of  the  low  pressure 
engine;  therefore,  in  compoimd  engines,  the  area  of  the  jacket,  or  receiver,  should  be  such 
as  when  the  high  pressure  steam  is  cut  off  at  a  certain  portion  of  the  stroke,  and  exhausted 
into  this  jacket,  or  receiver,  the  pressure  of  steam  that  will  enter  the  low  pressure  cylinder 
shall  be  such  as  will  develop  in  it  equal,  or  nearly  so,  power  to  the  high  pressure  cylinder, 
otherwise  the  engines  are  badly  designed. 

The  other  diagram  represents  the  usual  form  from  the  low  pressure  cylinder  of  a  com- 
pound engine.  It  will  be  seen  that  for  a  short  distance  the  piston  is  acted  upon  by  steam 
above  the  pressure  of  the  atmosphere  (or  above  the  atmospheric  line),  this  steam  is  Uie  high 
pressure  exhaust,  and  is  nearly  equivalent  to  the  amount  of  the  back  pressure ;  the  low 
pressure  diagrams  of  compound  engines  have  invariably  a ''  throttled  look."  This  is  owing 
to  the  large  area  of  piston  the  steam  acts  upon,  and  consequent  great  expansion,  the  initial, 
Qi  entering  pressure,  being  low. 
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Fig.  69. 


Fig.  68. 
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-,  of  Glasgow,  Noyember,  1870. 


Diagrama  taken  off  EngineB  (Oomponnd)  hj  -^-— 

Steam  55  lbs. ;  Yacunm  27}  inches ;  Revolations  48. 
Diameter  H.P.  Cylinder  38" ;  Diameter  L.F.  Cylinder  68' ;  Stroke  of  Pistons  3'  6^ 
Pressore  on  compound  gauge  5  lbs ;  Pressure  at  end  of  stroke  in  L.P.  cylinder  6  lbs.  (1 
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Work  out  the  following  indicator  card.    FigR.  74  and  75. 
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Steam  120  lbs. 
Yacaum  24}. 
BeTolations  68. 

Fig.  76. 


S2-4 


S.S.  Eaco.    Oct  20th,  1870. 

Diameter  of  cylinder,  H.P.,  12*. 

„  „        L.P.,  36*. 

Length  of  stroke  3  feet 

Kg.  77. 
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BmAsx.— The  oo-effident  is  1*807.    A  Tacuixm  of  2875  would  increase  the  power  } 
r  00-efficient  2*087. 
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8.a  Eothhtry. 

Steam  60  lbs. ;  Yacunm  25} ;  BevolationB  56. 

High  PxeoBOTe  Cylinder. 

Outbidob's   Patbmt   Sudb. 

FyoJi.Obab. 

Fig,  78.       Bcale  /^« 


Mean  Freesiire  47*65  lbs. 


Common  Slide. 


Fig.  79.       Scale  ^. 
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Mean  PreflBure  S*a4  lbs. ;  280  foei  per  minute. 


X.H.F.  137*24. 


36S 


Diagnm  fkom  a  Oomponnd  Enpna  willi  Stewart  &  Nloholaon*a  ConturaoQi  Ezpansiaa. 

8.S.  AliiM,  at  moorinn,  Uaj  7th,  1 870. 

Cylinder  I4|'i  Btcokeifi';  VaoaamiS}*;  Steain  71  lb*.;  Bcvolntloni  117. 

Tig.ta.  Full  Gha-B.— Scale  ^.  p.  . 
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CjUndor  *S|* ;  Stroke  ■£' ;  Steam  75  Iba. ;  Vacaum  17 ;  Berolntioiu  137. 
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18  taken  from  thA  engine  of  the  8.8.  F a,  trial  at  sea  8eptember  fit,  1870. 

Steam  59}  lbs. ;  yaoanm  27I ;  revolations  79 ;  diameter  of  cylinders  51"  and  yif ;  ttroke 
33' ;  nominal  horse-power  100 ;  speed  of  ship  ii*i  knots  per  hour. 

Scale  of  4oths  to  an  inch. 

Fig.  82. 

Full  Qear.<— High  Pressare  Qylinder. 


Ant.    Mean  Fressnxe  34*65  lbs. ;  Indicated  Horse-power  322*4. 


Scale  of  i6ths  to  an  inch. 

Fig.  83. 
Low  Fressore  Cylinder. 


Am.    Mean  Fressore  11*9  lbs. ;  Indicated  Horse -power  332*75. 

The  following  is  a  *'  Bottom  Card  "  from  the  same  CDgine  as  the  foregoing. 

Steam  60  lbs. ;  yacnum  27};  revelations  78. 

Full  Gear. 

High  Pressare  Cylinder. 

Scale  4oths  to  an  inch. 

Fig.  84. 


^iw.    Mean  Pressure  34*9  lbs. ;  Indicated  Horse-power  320*7 
999 
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iMwVnmjot  cyfinder. 

Scale  16U11  to  an  tnch. 

Fig.  t5. 


Afu,     Mean  Fkwnre  12*25 ;  Indicated  Hoiw-power  33t'5* 


An  iadieator  oaid  from  itme  engine  as  the 
rerolotiaiii  72. 


Steam  S4  Ibi.; 


>7li 


Wheel  4  turn  back. 
Scale  4olha  to  an  indu 

ng.  8^ 


Am,    Mean  Proesure  27*85  lbs. ;  Indicated  Hone-power  236*13. 


Scale  i6fbB  to  an  inch. 
Fig.  87. 


Am,    Mean  FreaBore  13*  125 ;  Indicated  Hone-power  334*5. 
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Diagrams  taken  from  the  engine  of  the  S,S.  Burlington, 


Fig.  88. 


Fig.  89. 
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Low  Freflsnre  cylinder. 

Scale  i6th8  to  an  inch. 

Fig.  85. 


Ant,     Mean  Fkwnre  12*25  >  Indicated  Hone-power  338*5. 


An  indicator  card  from  same  engine  as  the  foregoing, 
rerolntions  72. 

Wheel  4  toni  back. 

Scale  4olfaa  to  an  indu 

Kg.  86. 


Steam  S4  lbs.;  T»oiiiima7|i 


Ant.    Mean  Proesore  27*85  llw. ;  Indicated  Horse-power  236*13. 


Scale  i6tlui  to  an  inch. 
Fig.  87. 
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Ant,    Mean  IVessure  13*125 ;  Indicated  Horse-power  334*5* 
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DiAgrams  taken  from  tho  engine  of  the  S.S.  Burlin^Um, 


Fig.  88. 


Fig.  89. 
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S.S.  Fairy  DeU,  at  sea,  x6th  February,  1871. 

Steam  125  lbs. ;  Yacuum  26} ;  Revelations  80 ;  Stroke  so*. 

High  Pressure  Cylinder  8}" ;  Low  Pressure  Cylinder  24^' ;  I.H.P.  146. 

Fig.  90. 


M*mnJPr$wl90  M 


T" 


I 


I* 


Fig.  91.         Scale  A^* 


KtmnTrt^tlOX'i 


Kg.  9a. 


Fig.  93.       Scale  ^. 
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6.S.  Mare  Antony^  Kovember  14th,  1870.    Running  Card. 
Steam  gauge  x  10 ;  Vacuum  2$ ;  Revolutions  60. 
Forward  Engine,    High  Freesure  Cylinder. 
Fig,  94. 


Fig.  95.    Low  Pressure  Cylinder. 


After  Engine.    High  Freasnre  Cylinder. 
Steam  gauge  no  Ihs. ;  Yacuum  15 ;  Reyolutions  60. 

Fig.  96. 


Fig.  97.    Low  Pressure  Cylinder. 
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ON  THE  FOIIM  OP  THE  FIGUEE  WHEN  THE  EXPANSION 

GEAE  ALONE  IS  USED. 

If  the  steam  be  cut  off  at  any  part  of  the  stroke,  the  steam  pressure  will 
decrease  and  the  pencil  begin  to  descend.  Now,  if  the  temperature  of  the 
steam  be  tmaltered,  the  pressure,  as  before  stated  (see  page  326),  will  Taiy 
inversely  as  the  space  it  occupies,  and  the  theoretical  figure  will  h^'E  ah  ed 
(see  Fig.  16,  page  327).  But  since  the  sUde-valve  also  acts  we  have  the 
modification  this  would  produce  too,  for  the  slide-valve  is  placed  between  the 
expansion-valve  and  the  cylinder;  it  follows,  therefore,  that  the  effective 
volume  of  the  steam  intercepted  by  the  expansion-valve  is  the  whole  of  the 
space  between  it  and  the  piston,  and  the  slide-valve  interposes  an  additional 
barrier  when  it  begins  to  cut  off  the  steam.*  The  case,  therefore,  is  some- 
what similar  to  what  it  would  be  if  there  were  two  expansion  valves,  one 
nearer  to  the  cylinder  than  the  other,  and  the  outer  one  acting  first-f 

This  figure  exhibits  a  series  of  diagrams  representing  various  grades  of 
expansion ;  here  o  gives  the  full  power  of  steam  without  using  the  expansion 
gear;  i,  that  produced  by  the  first  grade  of  expansion ;  2,  that  produced  by 
the  second  grade,  and  so  on.    It  is  worthy  of  remark,  that  the  diagram 

Fig.  98. 


i 


*  Except  with  engines  fitted  with  Sbawasd's  slide. 

t  The  condensation  of  steam  by  radiation  of  heat  from  the  cylinder^  the  leakage  of  steam 
through  the  piston  or  valves,  or  the  expansion  of  the  steam  in  the  nozzles  of  the  cylinder, 
the  steam  pipes,  or  the  extra  length  of  cylinder  allowed  for  clearance  of  the  piston,  will 
vary  the  shape  and  termination  of  the  curve.  It  should,  therefore,  always  be  an  inquiry, 
upon  the  production  of  a  diagram,  whether  the  curve  be  theoretically  correct  or  not.  If  it 
is  not,  a  satisfactory  reason  should  be  found  for  it,  in  the  construction  of  the  engine  or  the 
valves,  and  the  piston  should  be  thoroughly  examined.  A  ready  method  to  determine  at 
what  point  this  curve  should  terminate,  is  to  find  the  capacity  of  nozzles,  pipe,  &o.,  from  the 
expansion-valve  to  the  cylinder,  and  adding  it  to  the  clearance,  call  it  so  much  additional 
length  of  stroke.  Extend  the  diagram  in  the  s^imo  proportion  and  then  divide  it  into  any 
number  of  equal  parts  that  will  divide  it  equally,  and  have  one  of  the  divisions  cut  at  the 
point  where  the  valve  closed.  Take  the  number  of  these  divisions  on  the  steam  line  for  the 
numerator  of  a  fraction,  and  the  whole  number  of  them  for  the  denominator,  and  divide 
with  it  the  whole  pressure  upon  the  piston. 
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marked  o,  wliich  is  that  resulting  from  the  Blide-valve,  closely  asBimilates  to 
that  marked  i,  produced  by  the  first  grade  of  expansion,  as  it  should  do  in 
well  constructed  engines. 

Each  of  the  following  figures  exhibits  a  series  of  diagrams  representing 
different  grades  of  expansion,  it  is  required  to  determine  the  best  point  at 
which  to  cut  off  the  steam. 

Fig.  99.  This  is  from  the  top  side  of  the  engines  of  a  screw  steamer,  the  engines  being 
oonnected  to  the  screw  shaft,  without  intermediate  gearing.  The  stroke  in  a  feet  3  inches ; 
the  screw  shaft,  and  of  course  the  engines  aUo,  making  from  90  to  98  revolutions  per 
minute.  This  figure  shows  the  steam  cut  ofi  with  the  slide-valTes,  and  also  with  the  first 
grade  of  expansion ;  and  it  will  be  observed  that  the  power  is  very  little  reduced  by  putting 
on  the  expansion,  as,  with  the  speed  of  the  piston  and  the  condenser  being  small,  the 
vacuum  is  much  improved  by  cutting  off  the  steam.  In  this  example  the  valves  are  very 
well  adjusted. 

Fig.  99. 


Scale  of  loths. 

Indicator  diagram  from  the  engines  of  H.M.S.S.  Thunderbolt,  and  shows  the  different 

grades  of  expansion. 

Fig.  100. 


uifu.    Average  of  ^  9*84  lbs. ;  f  1 1'4  lbs. ;  }  12*85  ^^^' '»  fi  '4*'^  1^^* 
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From  thU  figure  it  will  be  seen  that  the  best  point  to  cat  off  the  steam  with  thit 
pressure  is  about  half-stioke,  because  the  steam  consumed  by  cutting  off  at  half-strolDB  ii 
less  in  proportion  to  the  power,  as  compared  with  cutting  off  at  fiTe-eighths;  wliil8,1i^. 
cutting  off  at  less  than  half-stroke,  the  steam  line  only  deoreasee  in  proportion  to  iSbm 
decrease  of  power.  If  the  pressure  were  much  greater,  it  might  be  adyaatageouB  to  ool  otf 
sooner. 

Indicator  diagram  from  the  S.S.  British  Quern.  Taken  from  the  top  of  the  e^Iukhr^ 
Vacuum  30}  inches ;  steam  in  boilers  6j^  lbs. ;  expansion  tried  on  |,  ^,  |,  as  repi6Mnted  kf, 
the  diagram. 

Fig.  lot. 


^ 


The  vacuum  was  the  same  with  or  without  expansion,  as  shown  by  the  diagram ;  tht 
steam  ways  must  have  been  large.  The  condenser  was  on  Mr.  Hall's  patent  pxindplft  of 
condensing  by  cold  surface,  without  the  water  coming  in  contact  with  the  steam. 

311.  Difference  of  Effect  between  throttling  the  Steam  and  cutting  it 
off  by  the  Expansion  Valve. — ^An  experiment  made  in  this  manner  to  deter- 
mine the  difference  of  effect  between  expanding  the  steam  in  the  cylinder  by 
a  proper  system  of  expansion,  and  merely  shutting  it  off  by  the  throttle- valre 
when  it  is  wished  to  work  the  engines  to  a  low  power,  gave  the  following 
result : — An  engine  of  the  nominal  power  of  400  horses  was  selected,  and 
was  first  worked  on  the  lowest  grade  of  expansion,  the  steam  in  the  boiler 
having  its  full  pressure  of  8  lbs.  Under  these  circumstances,  it  was  found 
that  10*87  eubic  feet  of  steam,  at  atmospheric  pressure,  were  consumed  per 
horse-power  per  minute. 

The  expansion-valves  were  then  thrown  out  of  gear,  and  the  engines 
reduced  by  the  throttle-valve  to  exactly  the  same  number  of  revolutions.  It 
was  now  found  that  although  the  gross  horse-power,  as  shown  by  the  indicator, 
was  almost  identical  in  both  cases,  in  the  latter  case  the  power  exerted  was 
obtained  at  an  expenditure  of  14*72  cubic  feet  of  atmospheric  steam  per 
minute,  in  place  of  10*87  c^^io  feet,  as  formerly ;  3*85  cubic  feet  of  steam  p«r 
indicated  horse-power  per  minute  being  thus  saved  by  the  principle  of 
expansion. 

It  is  apparent  that  this  calculation  will  not  give  us  the  eame  of  any  loss  of 
effect  by  the  steam  escapin^i  or  bein^  condensed  in  the  pipes,  eto.|  which 
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must  be  sought  for  when  suspected,  either  in  the  form  of  the  indicator 
diagram,  or  by  testing  the  engine  for  leakage  of  steam  or  air. 

312.  On  the  form  of  the  Diagram  when  the  Steam  is  throttled  by  the 
Link. — In  Fig.  102,  we  have  diagrams  taken  from  top  and  bottom  of  an 
engine,  when  slowed  to  4.^  strokes  per  minute,  which  is  effected  by  partly 
dosing  the  throttle-valve,  and  partly  by  shifting  the  link  towards  its  mid- 
position.  It  will  be  observed  that  in  these  diagrams  nearly  the  whole  areas 
are  below  the  atmospheric  line.  Note  also  that  on  the  left-hand  corner  of 
one  of  the  figures  a  loop  is  formed,  which  not  unfrequently  appears  in 
engines  employing  the  link,  and  the  meaning  of  which  we  shall  now  proceed 
to  explain.    The  extreme  point  of  the  diagram,  in  every  instancOi  answers 


Fig.  102. 


to  the  length  of  the  stroke ;  and  if  the  steam  is  pent  up  in  the  cylinder  by 
the  eduction  passage  being  shut  before  the  end  of  the  stroke,  or  if  it  be 
permitted  to  enter  before  the  end  of  the  stroke,  the  pencil  will  be  pushed  up 
to  its  highest  point  before  the  stroke  terminates,  and  since  the  paper  still 
continues  to  move  onward  the  upper  part  of  the  loop  is  formed.  If  the 
pressure  within  the  cylinder,  when  the  piston  returns,  were  to  be  precisely 
the  same  as  when  the  piston  advances  during  this  part  of  its  opurse,  the  loop 
would  be  narrowed  to  a  line.  But  as  the  advance  of  the  piston,  when  the 
valve  is  very  little  opened,  compresses  somewhat  the  steam,  ai^d  a^  its 
recession,  ^hen  the  valve  is  very  little  opened,  causes  it  to  be  wire-drawn, 
the  pressures,  while  the  piston  advances  and  retires  through  this  small 
distance,  although  the  cylinder  is  open  to  the  boiler  by  means  of  a  small 
orifice,  will  not  be  precisely  the  same ;  and  the  higher  pressure  will  form  the 
upper  part  of  the  loop  while  the  lower  part  will  be  formed  by  the  lower 
pressure.  In  following  the  outline  of  the  left-hand  diagram  of  the  figure, 
it  will  be  seen  that  the  steam  begins  to  be  compressed  within  the  cylinder 
when  about  three-fourths  of  the  stroke  has  been  completed,  and  the  pencil 
begins  to  rise  somewhat  above  its  lowest  point.  But  as  the  vapour  within 
the  cylinder  is  very  rare,  the  rise  is  very  little,  until  when  the  piston  is  about 
one-eighth  part  of  its  stroke,  or  about  8  inches  from  the  end  of  the  stroke, 
the  steam  valve  is  slightly  opened,  when  the  piston  of  the  indicator  ascends 
to  the  point  answering  to  the  pressure  within  the  cylinder  thus  produced. 
As  the  opening  from  the  boiler  continues,  and  the  piston,  by  advancing 
000 
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agaiiut  the  steam,  instead  of  receding  from  it,  oompreBses  rather  tiui 
expands  the  steam  admitted  into  the  oylinder,  the  pressure  oontinaes  to  riac 
somewhat  to  the  end  of  the  stroke,  when  the  piston  of  the  engine  havuig  tc 
move  in  the  opposite  direction,  the  steam  within  the  cylinder  will  be  expanded, 
and  any  that  may  still  ho  entering  will  be  wire-drawn  in  the  oontraotad 
passage,  and  the  pTOBSUre  will  fail.  Under  such  ciroumetanoes  a  loop  will 
necessarily  be  formed  at  the  comer  of  the  diagram,  such  as  is  shown  to  exisi 
at  the  left-hand  comer  (see  Fig.  loz).  The  reason  of  there  being  nc 
corresponding  loop  at  the  right-hand  comer,  arises  simply  Crom  the  tbIti 
being  differently  set  at  one  ead  of  the  engine  £rom  what  it  is  at  the  other; 
and  the  angles  of  the  ecoentric-rods  will,  in  general,  cause  some  small 
difference  in  the  action  of  the  valTS  at  the  different  ends  of  the  engine. 

3 1 3.  We  haye  seen  that  an  indicator  card  is  run  out,  that  is  to  say,  tlLS 
mean  pressure  of  the  card  is  usually  ascertained  by  reading  off  with  the  scale 
the  different  mean  pressures  in  each  of  the  ten  spaces,  and  then  adding  them 
together  and  dividing  them  by  ten,  and  this  is  correct,  provided  each  reading 
is  a  correct  one ;  but  the  following  is  a  far  better  and  easier  method.  A  long 
strip  of  paper,  i  inch  wide  (the  length  varies  tiom  6  to  18  inches,  aooordisg 
to  the  nature  of  the  card),  has  a  starting  point  marked  on  the  e^e  near  to 
one  end.  The  strip  of  paper  is  then  laid  along  the  first  tenth  of  space,  and 
the  length  of  the  mean  pressure  marked  off,  not  read  oS,  starting  &om  the 
starting  point.  It  is  then  laid  on  the  seoond  space,  and  again  the  mean 
pressure  is  marked  off,  starting  from  the  point  where  the  first  mean  pressure 
ended,  and  so  on  to  the  lost  of  the  ten  mean  pressures.  By  this  means  the 
mean  pressure  in  each  of  the  ten  spaces  are  laid  end  to  end.  If  we  now  take 
a  rule  and  read  off  how  many  inches  there  are  in  the  whole  length,  and 
divide  them  by  ten,  we  get  the  number  of  inches  in  the  mean  pressure  of  the 
wludecard. 

Suppose  when  all  the  mean  pressures  for  each  of  the  ten  spaces,  when 
added  together,  measured  69;  inches,  then  '^  is  the  measure  in  inches  ol 
the  true  mean  pressure,  and  if  the  scale  was  -^  inch,  that  is,  i  inch  stood  for 
31  lbs.,  then  '69;  inch  stands  £>r  695  x  31  =  zz'14. 

0«nerally  expressed,  we  multiply  the  total  number  of  inches  read  off  the 
strip  by  the  scale,  and  divide  by  ten. 

314.  Sem&rks  on  the  ftnality  of  the  Taoaom. — In  designating  the 
quali^  of  the  vacuum  formed  under  the  pistou,  there  are  two  elements 
affecting  it  which  ought  to  be  noticed,  viz.,  the  weight  of  the  atmosphere, 
and  the  temperature  of  the  water  in  the  condenser  at  the  time  the  diagram 
was  made.  For,  if  the  barometer  stands  at  only  zS  inches,  30  inches  ol 
mercury  being  equivalent  to  14-7  lbs.,  137  lbs.  would  be  a  perfect  vacuum; 
and  if  the  water  in  the  condenser  be  at  a  temperature  of  1 30°,  its  vapour 
will  form  a  resistance  of  z'17  lbs. ;   therefore,  the  lowest  attainable  vacuum 
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would  be  but  13*7  —  2' 17  ==  1 1*53  lbs. ;  whereas,  if  the  barometer  stood  at 
31  inches,  a  perfect  vacuum  would  be  1 9*2 ;  and  if  the  water  was  but  100% 
its  vapour  would  give  a  resistance  of  only  '9,  and,  consequently,  the  highest 
attainable  vacuum  would  be  15*2  —  '9  =  14*3  lbs.,  making  a  difference  of 
2*77  lbs.* 

The  table  showing  the  force  with  which  vapour  or  uncondensed  steam 
Tesists  the  ascent  or  descent  of  the  piston,  according  to  the  temperature  of 
the  water  discharged  from  the  air-pumps  (Table  II  at  the  end  of  the  work), 
and  also  the  table  of  the  variations  of  the  weight  of  the  atmosphere,  as 
shown  by  the  barometer  (Table  I  at  the  end  of  the  work),  wiU  make 
apparent  the  necessity  of  these  observations. 

315.  Before  concluding  this  subject,  it  is  important  to  remark  that  in 
using  an  indicator  for  measuring  work,  that  the  distinction  between  indicated 
power — that  is,  the  power  developed  in  the  cylinder — and  **  effective  power,'* 
must  never  be  lost  sight  of.  The  latter  is  the  mefiil  effect  of  the  eng^e,  while 
the  former  includes  the  power  expended  in  working  the  pumps,  overcoming 
the  friction  of  the  machinery,  and  all  resistances  which  exist  within  the  engine 
itself.  In  the  marine  engine  it  is  very  difficult  to  arrive  at  the  amount  of 
power  really  used  in  propelling  a  ship.  That  expended  in  driving  the  engine 
and  pumps  at  different  speeds  can  be  approximated  to  by  disconnecting  the 
engines  from  the  propeller  shafting,  and  taking  diagrams  with  the  steam 
throttled  down  just  sufficient  for  driving  the  eng^e  at  the  required  speed. 
Great  care  is  necessary  for  starting  the  engines  in  taking  these  diagrams. 

316.  Further  Bemarks  on  Indicator  Diagrams. — It  is  only  by  a  proper 
employment  of  this  inestimable  instrument— the  indicator — that  tolerably 
true  deductions  as  to  the  internal  working  of  an  engine  can  be  arrived  at 
with  any  degree  of  certainty — that  a  correct  diagnosis  can  be  formed  as  to 
the  real  state  of  the  iron  patient.  Such  being  the  case,  it  is,  perhaps, 
surprising  that  more  attention  has  not  been  directed  to  certain  influences 
that,  in  some  cases,  undoutediy  distort  an  indicator  diagram.  These  dis- 
turbing actions  may  be  greatly  modified  by  the  construction  of  the  indicator 
itself;  they  may  be  increased  or  diminished  by  a  proper  or  improper  construc- 
tion of  the  instrument ;  but  these  influences  will  always  exist  to  a  greater  or 
less  extent,  and  some  allowance  should  be  made  on  this  account,  before  the 
diagram  be  accepted  as  a  perfectly  true  picture  of  the  performcmce  of  the 
steam  in  the  cylinder. 

(0)  The  steam  engine  indicator  is  especially  liable  to  several  objections 
when  used  for  determining  forces  acting  with  great  velocity  and  suddenness. 

•  The  vacuum  shown  by  the  indicator  will  generally  vary  from  that  shown  by  the  vacuum 
gauge,  when  it  is  constructed  with  a  glass  tube,  hermetically  sealed  at  the  top ;  for  such 
gauges  are  designed  to  show  the  variation  from  a  perfect  vacuum,  without  reference  to  the 
weight  of  the  atmoAphere ;  bnt  the  vacuum  shown  by  the  indicator  is  affected  by  all  its 
TariatioDB. 
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The  inlet  of  the  steam  is  generally  throttled  by  the  narrowed  aperture  of  the 
cock,  and  the  indicator  piston  in  its  sudden  ascent  has  to  meet  the  colamn 
of  air  above.  In  the  ordinary  instrument  there  is  a  long  and  tremulous 
spring,  which,  from  its  length  and  weakness,  is  somewhat  liable  t^  rub  on 
one  side  of  the  casing.  The  working  parts  are  also  often  made  onnecessarilj 
heavy.  When  steam  of  a  high  pressure  is  let  into  the  indicator  piston,  the 
spring  gives  way  and  is  suddenly  thrown  up ;  this  action  is  aided  by  the 
momentum  of  the  other  moving  parts ;  the  pencil  continues  to  oscillate  during 
the  remainder  of  the  stroke ;  and  the  natural  result  is  a  jumping,  serratedy 
zig-zag  diagram  (see  Fig.  6^,  page  357).  The  total  power  indicated  is, 
perhaps,  not  very  far  from  exactitude,  as  the  action  and  re-action  aiB 
probably  about  equal ;  and  as  in  interpreting  the  diagram  the  ime  et$rve  tt 
supposed  to  run  midway  between  the  erests  and  hoUows  of  the  warn/  lin$  produced  by 
these  oscillations — but  the  most  important  function  of  the  indicator  consists  in 
the  giving  the  true  performance  and  progressive  course  of  the  steam  in  the 
cylinder,  and  it  is  evident  that,  under  such  circumstances,  the  lines  of  the 
diagram  have  not  the  accuracy  that  is  demanded  by  the  importance  of  the 
deductions  the  experimenter  wishes  to  obtain. 

{h)  There  can  be  little  doubt  that  the  larger  the  indicator  the  better.  The 
friction  of  the  piston  and  of  the  moving  parts  is  less  in  proportion ;  the  oock 
and  pipe  are  larger,  the  stdam  is  thus  less  liable  to  be  throttled  in  its  passage 
to  the  piston,  &c.,  and  the  divisions  on  the  scale  and  the  diagram  itself  being 
of  a  larger  size,  there  is  less  chance  of  error.*    (See  page  314). 

*  The  original  indicators  of  Boulton  and  Watt  were  all  of  a  large  size,  and  were  made 
with  a  large  powerfnl  spring,  while  the  stroke  of  the  piston  was  much  shorter  than  in  the 
ordinary  indicator  as  made  at  present.  It  is  stated  that  Watt  obtained  the  scale  of  pounds 
by  actnal  trial  of  weights  pressing  down  the  spring ;  but  these  results  were  taken  while  the 
indicator  was  cold,  and  therefore  in  a  very  different  state,  and  in  a  different  relation  of  the 
parts  by  measure  thnn  when  the  instrument  was  doing  its  work.  It  is  evident  that  a  move 
correct  way  would  be  to  apply  the  weights  on  the  top  6ide  of  the  piston  while  the  indioaior 
is  fixed  on  the  cylinder  of  an  engine,  the  instrument  being  then  in  the  same  state  as  when 
performing  its  proper  functions,  the  spring  is  of  the  same  size  and  of  the  same  elasticity  as 
when  in  use,  the  whole  apparatus  on  it  at  a  similar  temperature,  and  the  piston  is  lubrioated 
with  the  same  quantity  of  oil. 

The  weights  being,  one  after  the  other,  applied  to  the  top  of  the  piston,  the  atmospheric 
line  and  the  gradual  descent  of  the  piston  are  then  recorded  by  the  pencil  of  the  instniment, 
and  the  principal  divisions  are  thus  obtained  for  a  complete  subdivision,  and  a  tme  scale  is 
the  result.  Perhaps  the  most  exact  way  would  be  to  use  a  properly  graduated  mercurial 
oolumn.  There  would  certainly  be  some  difficulty  with  this  plan,  with  an  indicator  for 
▼ery  high  prt^ssuro.  Mr.  Pabxbs,  the  civil  engineer,  found  that  the  pressures  for  the  aoale 
of  the  indicator  were  more  correctly  obtained  by  comparing  them  with  a  mercurial  column 
than  by  ascertaining  them  by  means  of  weights.  "  The  instrument  being  then  heated,  was 
then  in  precisely  the  same  state  as  when  it  was  in  use."  He  also  found  that  a  certain 
amount  of  correction  was  frequently  necessary,  as  both  the  spring  and  the  amount  of  piaton 
friction  were  affected  by  heat. 

According  to  Professor  Moselt,  the  scale  of  ordinary  indicators  should  not  always  be  in 
equal  divisions,  because  the  wire  of  the  spring  being  wound  spirally  into  a  screw  of  small 
diameter,  the  spiral  obliquity  of  the  thread  of  such  a  screw  becomes  '*  more  oblique  to  the 
direction  of  the  bending  force  as  the  spring  is  stretched,  and  less  oblique  as  the  springy  is 
compressed,  and  hence  the  scale  of  pounds  per  square  inch,  by  which  the  curve  should  be 
measured  for  summing  up  tho  results,  ought  to  be  a  scale  of  unequal  divisions.'* 


l%s  Ihdicati^.  3B1 


{e)  The  firiotion  of  fhe  indicator,  by  directly  opposing  the  motion  of  its 
piston  and  pencil,  tends  to  make  the  indicated  forward  pressure  less,  and  the 
indicated  back  pressure  greater,  thus  the  real  forward  and  back  pressures 
respectiyely,  and  so  to  make  the  indicated  energy  less  than  the  real  energy 
exerted  by  the  steam  on  the  piston,  but  to  whnt  extent  is  very  uncertain. 
According  to  some  experiments  by  Mr.  Hirn  {Btdletin  de  Midhouse,  yols. 
XXVII  and  XXVIII),  the  diminution  of  the  indicated  energy  by  the  friction 
of  the  indicator  ag^es  nearly  with  the  work  performed  in  overcoming  the 
friction  of  the  steam  engine,  so  that  the  indicator  shows,  not  the  whole 
energy  exerted  by  the  steam  on  the  piston,  but  very  nearly  the  we/iU  work  of 
the  steam  engine;  but  it  is  doubtful  how  far  this  principle  is  generally 
applicable ;  and  other  experiments,  especially  those  on  screw  steamers,  are 
at  variance  with  it. 

{d)  As  is  well  known,  the  part  of  the  engine  giving  motion  to  the  string 
of  the  indicator  ought  always  to  be  as  near  the  instrument  as  possible,  as 
otherwise  the  string  will  slacken,  and  the  barrel  will  thus  be  stationary  for 
an  interval,  of  course,  the  result  being  a  wrong  diagram.  As  it  is  of  such 
great  importance  that  the  string  attached  to  the  indicator  barrel  should 
neither  be  too  slack  nor  too  tight  and  liable  to  stretch,  it  has  been  suggested 
that  it  might  be  advisable  to  use  a  kind  of  string  worked  up  with  fine  wirO} 
similar  to  the  tape  measures  that  are  sold  for  measuring  lengths  of  30  or  40 
feet.* 

{e)  There  is  also  sometimes  a  danger  to  the  exactitude  of  the  diagram, 
from  the  steam  getting  condensed.  The  most  convenient  way  of  taking  a 
double  diagram,  as  already  stated,  is  by  fixing  the  indicator  to  a  pipe  leading 
from  the  top  to  the  bottom  of  the  cylinder.  This  pipe  being  fitted  with  stop 
cocks,  the  two  diagrams  can  be  taken  simultaneously.  The  great  objection, 
however,  to  this  plan,  consists  in  the  natural  tendency  of  the  steam  to  get 
condensed  in  this  small  pipe. 

(/)  It  appears  that  the  steam  pressure  undergoes  some  fall  during  the 
passage  from  the  boiler  to  the  cylinder.  The  amount  of  such  fall  varies 
greatly  in  different  eng^es,  but  the  general  result  is  that  the  highest  indi- 
cated steam  pressure,  before  expansion  begins,  is  some  two  or  three  pounds 
less  than  the  boiler  pressure. 

Among  the  points  to  be  noticed  are  (i)  the  resistance  of  the  steam-pipe 
through  which  the  steam  passes,  (2)  the  resistance  of  the  regulator  or  throttle- 
valve,  (3)  the  resistance  due  to  the  ports  and  steam  passages ;  and  here,  also, 
the  bends  or  sharp  angles  as  well  as  the  imperfect  coating  of  the  steam-pipe 
must  be  taken  into  account. 

Bankinb  says  that  in  the  present  state  of  our  knowledge  it  is  impossible 
to  calculate  separately  the  losses  of  pressure  due  to  these  causes,  and  if  it 

«  Meohanicb'  Magasioe,  vol.  9,  New  Series. 
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were  possible  the  resulting  formulse  would  be  too  complicated  to  be  of  much 
use.  An  observation  of  this  kind  has  a  wide  application.  It  may  be  pointed 
out  that  steam  which  has  been  lowered  in  pressure  by  the  resistance  of 
passages,  or  has  been  wire-drawn,  as  we  have  termed  it,  is  to  some  extent 
superheated  by  the  friction  of  its  molecules,  the  tendency  of  all  Motion  being 
to  produce  heat. 

{g)  There  is,  in  practice,  a  rounding  of  the  angle  at  which  the  expansion 
curve  begins  in  the  theoretical  diagram.  This  is  called  wire-drawing  at  cut  off. 
It  is  always  to  be  seen  where  a  slide-valve  closing  gradually  is  employed, 
and  is  reduced  to  a  minimum  in  a  well  formed  diagram  of  a  Oorliss  engine. 
Speaking  generally,  it  may  be  said  that  the  steam  begins,  as  it  were,  to  work 
expansively  a  little  before  the  valve  is  completely  closed ;  or  that  the  energy 
exerted  is  nearly  the  same  as  if  the  valve  had  closed  instantaneously  at  a 
somewhat  earlier  period  of  the  stroke,  which  point  may  be  termed  the  effective 
cut  off.  Such  a  point  is  easily  obtained  by  ccurying  the  expansion  curve  a 
little  higher,  and  by  prolonging  the  probable  steam  line  to  meet  it. 

(A)  There  is  a  rounding  of  the  expansion  curve  when  release  begins  before 
the  end  of  the  stroke,  and  it  is  recommended  that  the  point  of  release  should 
be  so  advanced  that  one-half  of  the  fall  of  pressure  takes  place  at  the  end  of 
the  forward  stroke,  and  the  other  half  at  the  beginning  of  the  return  stroke. 
When  the  release  is  small  the  expansion  curve  is  continued  to  the  end  of  the 
diagram,  and  in  such  a  case  the  exhaust  line  slopes  gradually  downwards  as 
the  piston  returns,  instead  of  being  nearly  horizontal. 

(f )  The  general  effect  of  water  in  the  cylinder,  from  whatever  cause  pro- 
duced, but  which  we  will  suppose  to  be  present  in  some  degree  throughout 
the  stroke,  is  to  lower  the  steam  line  in  the  first  portion  of  the  stroke,  and  to 
raise  it  in  the  latter  portion.  On  this  subject  it  is  very  easy  to  propound 
theories,  but  the  subject-matter  lies  so  much  within  the  region  of  experimenti 
that  any  theoretical  deductions,  which  are  nearly  all  that  we  can  be  said  to 
have  at  present,  may  indeed  be  interesting,  but  would  perhaps  admit  of 
being  classed  among  conclusions  in  which  nothing  is  concluded. 

(J)  Another  cause  which  affects  the  form  of  the  expansion  curve,  and 
which  has  been  the  subject  of  much  observation,  is  that  of  the  partial 
liquifaction  of  the  steam  at  the  beginning  of  the  stroke,  and  immediately 
after  being  cut  off;  and  again,  the  re-evaporation  of  this  condensed  steam 
towards  the  termination  of  the  stroke.  This  is  most  noticeable  in  engines  in 
which  the  steam  is  greatly  expanded.  The  effect  is  shown  upon  the  diag^ram 
by  the  lessening  of  the  initial  pressure  by  the  falling  of  the  pressure  imme- 
diately after  cut  off  below  the  hyperbola,  and  again  by  the  rise  of  the  pencil 
above  the  hyperbolic  line  towcurds  the  end  of  the  stroke.  A  partial  explana- 
tion appears  to  be  that  the  incoming  steam  is  cooled  and  partially  liquified 
by  contact  with  the  sides  of  the  cylinder  and  passages,  which  have  just  been 
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cooled  by  commimication  with  the  condenser,  and  that  towards  the  end  of 
the  stroke  the  steam  is  re-evaporated  by  the  heat  conveyed  by  the  sides  of 
the  cylinder,  which  is  then  at  a  high  temperature  as  compared  with  that  of 
the  expcmded  steam.  Zbunsb,  however,  a  well-known  investigator,  has 
given  calculations  to  show  that  the  approach  of  the  line  to  the  hyperbola 
towards  the  end  of  the  stroke  is  affected  by  the  initial  condensation  of  the 
steam  as  to  dryness  approaching  it  the  more  nearly  the  greater  the  quantity 
of  moisture  it  originally  contained.  Zsttnsb  concludes,  therefore,  that  the 
action  of  the  sides  of  the  cylinder  has  been  over-rated,*and  there  are  practical 
engineers  who  ascribe  the  rise  of  the  pressure  solely  to  leakage  through  the 
valves,  contending  also  that  it  is  absurd  to  suppose  that  the  amoimt  of  heat 
transmitted  to  the  mass  of  steam  and  water  in  so  short  a  time  would  re- 
evaporate  it  to  such  an  extent  as  to  account  for  this  phenomenon.  It  is  to  be 
remembered,  however,  that  leakage  through  the  pistons,  in  this  case,  tends 
to  counteract  the  effect  of  leakage  through  the  valves,  and  the  rise  of  pressure 
is  so  very  marked  in  engines  of  the  best  make,  when  working  with  great 
expansion,  that  there  can  be  little  doubt,  after  making  allowance  for  other 
disturbing  causes,  that  the  steam  is  affected  in  the  manner  stated  above. 

In  addition  to  the  action  of  the  sides  of  the  cylinder,  the  presence  of  water 
due  to  the  liquifaction  of  steam  during  expansion  also  affects  the  diagram, 
and  with  respect  to  this  Prof.  Baiykine  states : — That  liquifaction  does  not, 
when  it  first  takes  place,  directly  constitute  a  waste  of  heat  or  of  energy, 
for  it  is  accompanied  by  a  corresponding  performance  of  work.  It  does, 
however,  afterwards,  by  an  indirect  process,  diminish  the  efficiency  of  the 
engine ;  for  the  water  which  becomes  liquid  in  the  cylinder,  probably  in  the 
form  of  mist  and  spray,  acts  as  a  distributer  of  heat  and  equalizer  of  tempera- 
ture, abstracting  heat  from  the  hot  and  dense  steam  during  its  admission  into 
the  cylinder,  and  communicating  that  heat  to  the  cool  and  rarefied  steam 
which  is  on  the  point  of  being  discharged,  and  thus  lowering  the  initial 
pressure  and  increasing  the  final  pressure  of  the  steam,  but  lowering  the 
initial  pressure  much  more  than  the  final  pressure  is  increased,  and  so 
producing  a  loss  of  energy  which  ccmnot  be  estimated  theoretically. 

{k)  Clecurance  will  modify  the  form  of  the  expansion  curve  of  steam  by 
removing  backwards  through  a  small  space  the  zero  line  of  volumes.  And, 
as  we  have  seen,  if  the  steam  be  completely  exhausted  from  the  cylinder 
during  the  return  stroke,  the  effect  of  clearcmce  is  to  waste  during  tlie  double 
stroke.  But,  inasmuch  as  it  is  possible  to  compress  a  portion  of  steam  in  the 
cylinder  during  the  return  stroke,  the  loss  above  referred  to  may  be  greatly, 

*  Zbunbr  in  a  paper,  ''Ueber  die  WirkuDg  des  Drosselus  und  den  Einfluss  des  scbadlichcn 
Haumes  auf  die  bei  Dampf-mascbinen  verbrancbte  Dam pf merge,"  Civil  Ing6nieur,  vol. 
XXI,  p.  I,  publisbed  in  1875,  states  bis  belief  tbat  a  more  power i'ul  cause  must  he  found  tor 
some  of  tbe  cfifects  observed,  and  finds  it  in  oertain  consequences  of  wire-drawing.  See 
fortber  on  tbis  subject  "  Tbe  Steam  Engine  considered  aa  a  Heat  Engine."  By  Jamxs  H. 
OoTTBttiLL,  M.A.,  chapter  X. 


3«4  ^  Indifioi^, 


or  perhaps  wholly,  eliminated.     On  this  subject  Kankinb  recommends 
the  point  of  compression  should  be  adjusted  in  such  a  manner  that 
quantity  of  steam  confined^  or  cushioned,  should  be  just  sufficient  to  fill 
clearance  with  steam  at  the  initial  pressure  when  the  piston  comes  to 
In  such  a  case  the  work  expended  in  compression  is  restored  again  di 
expansion,  and  the  steam  spring  is  continually  reproduced  without  waste. 

(I)  There  are,  however,  disturbing  influences  in  the  diagram  of  an  indie 
that  are  more  beyond  the  control  of  maker  and  user  of  this  useful  instrument 
and  which  do  not  seem  to  have  been,  as  yet,  thoroughly  investigated  by 
writers  on,  and  experimenters  with,  the  steam  engine  indicator.    We  allude  ^ 
the  partial  vacuum  by  the  motion  of  a  fluid  and  at  right-angles  to  its  course.^ 

This  action  may  be  easily  and  familiarly  illustrated  by  placing  a  sheet 
paper  on  the  inside  of  the  hand,  and  blowing  from  the  back  of  the 
through  the  spaces  between  the  fingers.    The  paper,  instead  of  being  bloi 
away,  as  might  be  expected,  is  kept  up  against  the  palm  of  the  hand  by 
partial  vacuum  between  the  palm  and  the  paper,  caused  by  the  rapid 
diverging  current  of  air.      This  would  seem  to  point  to  the  necessity 
placing  the  indicator  on  the  cylinder  at  such  a  place,  that  it  may  be  as 
as  possible  influenced  by  the  motion  of  the  steam,  out  of  the  ports  into 
steam-pipesf  deteriorating  influence  on  an  indicator  diagram  would  be 
likely  to  occur  on  the  vacuum  side  of  a  condensing  engine,  from  the 
speed  of  the  steam  rushing  into  a  vacuum,  than  on  the  steam  side.     It  woi 
not  improbably  affect,  to  some  extent,  the  diagram  of  a  high  pressure  en( 
working  at  high  speed.      There  is  another  enquiry,  no  less  interesting,  as 
the  exact  effect  on  a  diagram  of  the  speed  of  the  piston.     There  is, 
course,  always  sufficient  time  for  the  steam  to  follow  the  piston  at 
pressure  if  the  piston  moves  slow  enough ;   but,  at  a  higher  speed,  there  ii 
an  undoubted  reduction  in  pressure  of  the  steam  as  it  expands  behind 
piston. 

[m)  Again,  where  a  pair  of  coupled  engines  exhaust  into  one  blast  pipi^J 
there  is  probably  a  reciprocative  intermittent  action  of  the  back  pressure 
the  two  exhausts  on  the  exhausting  sides  of  the  piston. 

The  exact  value  of  the  objections  just  raised  against  the  accuracy  of  this 
important  instrument  could  only  be  ascertained  by  means  of  a  series  of  ears* 
fully  conducted  experiments,  that  those  objections  are  more  or  less  tenabls^ 
will  be  evident  on  reflection. 

*  We  believe  that  this  phenomenon  was  first  noticed  bv  Mr.  Riciiabd  Robekts,  the  woU-   - 
known  engineer,  while  making  some  experiments  with  a  blowing  engine  in  Manchester,  hi 
the  course  of  the  year  i8a6. 

t  Experiments  by  Messrs.  Eandolph,  Eldkr,  and  Co.,  have  proved  what  might  have 
been  expected  from  the  laws  of  fluid  motion,  that  when  a  rapid  current  of  steam  blows  ««r«if 
the  orifice  of  the  nozzle  of  an  indicator,  the  indicated  pressure  is  less  than  the  real  pressiirek  . 
Every  indicator,  therefore,  should  be  fixed,  if  possible,  in  a  position  where  it  ia  not  expoaeA 
to  this  cause  of  the  error. 
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317.  The  Mtioa  of  the  Bteun  in  Compound  EngiSM  is  beat  osdantood  by 
oombining  the  diagnms  from  the  high  and  low  preaavn  (^linden,  and  ire 
hare  in  Fig.  103  oomhined  the  difignuiu  from  the  Xlh^i  enginea.* 

Bore  the  length  oi  represents  the  Tolame  of  the  low  preasore  (^linder,  and 
mnaeqnently  the  TOlnme  of  the  steam  before  being  discharged  into  the  oon- 
denser,  and  the  length  ed  of  the  upper  diagram  represents  the  volume  of  the 
high  preaanre  i^linder,  while  the  portion  m  of  this  volume  represents  the 
portion  of  the  stroke  of  the  high  pressure  oylinder  during  which  steam  is 
admitted.    The  ratio  of  the  volumes  in  this  oase  is  3*25  to  1,  and  the  lengths 


.  takm  ttma  ■  tet  fonrndsd  by  the  flrm  of  HcMn.  Josir  Eunm  k  Co. 
to  the  CominittM  on  Adninlt;^  D«sipu.     Bea  ■!»>  Figi.  71  and  7j, 
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317.  Tha  uitaon  of  the  steam  in  Compound  SnginM  is  b«Bt  Tuderatood  by 
oombinin^  the  diAgnuns  from  the  high  and  low  preaann  (^linden,  and  we 
hkTe  in  Fig.  103  combined  the  diagranu  from  the  XHtft  anginea* 

Hera  the  length  oi  represeats  the  volume  of  the  low  pressure  (lylinder,  uid 
oonieqaantly  tha  TOlome  of  the  steam  before  being  discharged  into  tha  oon- 
denser,  and  the  length  ed  of  the  upper  diagram  represents  the  volume  of  the 
high  preaaiue  cylinder,  while  the  portion  m  of  this  volume  represents  flie 
portion  of  the  stroke  of  the  high  pressure  cylinder  during  which  steam  ia 
admitted.    The  ratio  of  the  volumes  in  this  case  is  3*15  to  1,  and  the  lengths 
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liwraDU  sn  faJran  from  «  art  ferwuded  \ij  tlw  Dm  of  HtMn.  John  Elvhk  ft  Co. 
nuiignmi  to  the  Coomtittea  on  Adminity  Desipii.    8m  «lao  Figs.  7a  ud  7], 
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of  the  diagrams,  as  shown,  have  the  same  proportion.  The  preesmee  being 
to  the  same  scale,  it  will  be  understood  that  the  areas  of  the  diagrams  inll 
represent  the  relative  amount  of  work  performed  in  each  cylinder.  Also,  as 
ee  represents  the  initial  volume  of  the  steam  as  compared  with  its  final 
volume,  the  initial  absolute  pressure  also  being  given,  the  hyperbolic  curve 
can  be  constructed,  which  is  shown  dotted  in  Fig.  103,  so  as  to  test  the 
performance  of  the  engine  as  if  the  steam  were  expanded  in  a  single  qyliiider. 
Bearing  in  mind  the  fact  that  the  areas  of  the  diagrams  represent  the  wodc 
done  in  the  cylinders,  it  will  be  evident  that  if  the  steam  were  quite  effisotiTe, 
the  sum  of  the  areas  of  the  two  diagrams  would  be  equal  to  the  area  bounded 
by  the  hyperbolic  line ;  it  will  be  seen  that  it  is  the  case  in  this  diagram. 

A  consideration  of  the  diagrams.  Fig.  103,  will  show  "  that  the  total  ratio 

of  expansion,  that  is,  the  ratio  of  the  final  volume  to  the  initial  volume,  or  -^ 
while  dependent  on  the  capacity  of  the  low  pressure  cylinder,  is  independent 
of  the  capacity  of  the  high  pressure  cylinder,  so  long  as  this  is  capable  of 
holding  the  quantity  of  steam  ee.  Other  considerations  apart,  therefore,  flie 
volume  of  the  high  pressure  cylinder  need  not^exceed  ee.  Any  additional 
capacity  might,  in  fact,  be  dispensed  with,  and  this  is  accordingly  done  in 
many  cases,  the  steam  being  carried  approximately  for  the  whole  length  of 
the  stroke.''*  Beferring  to  Fig.  103  it  will  be  seen  that  there  the  steam  is 
expanded,  performing  work  in  the  high  pressure  cylinder  until  the  fiJl  of 
pressure  at  the  end  of  stroke  is  the  cause  of  no  serious  loss  as  the  steam  flows 
into  the  receiver.  Owing  to  the  position  of  the  cranks,  which  are  placed  at 
right-angles,  the  steam  is  compressed  in  the  receiver  during  the  return  stroke 
of  the  high  pressure  piston  until  the  point  /  (approximately  half  stroke)  is 
reached,  when  steam  is  admitted  to  the  low  pressure  cylinder.  The  effect  is 
shown  in  the  diagram  by  the  increase  of  the  back  pressure  to  the  point/, 
when  it  decreases  until  the  point  y  is  reached,  where  the  exhaust  closes  and 
compression  in  the  high  pressure  cylinder  begins.  Although  the  provision 
of  a  special  receiver  has  generally  been  considered  necessaxy  in  this  class  of 
engines,  it  is  not  essential,  and  in  some  engines  it  has  been  dispensed  with, 
the  intermediate  spaces  between  the  two  cylinders  being  only  of  sufficient 
capacity  to  admit  of  the  free  passage  of  the  steam. 


AIE-PUMP,  &c.,  DIAGEAMS. 

The  indicator,  though  usually  only  applied  to  the  cylinder,  may  be  applied 
to  the  air-pump,  the  hot-well,  and  other  parts  of  the  engine,  to  show  the 
nature  of  the  pressures  subsisting  with  them.  When  applied  to  the  hot- 
well  there  is  usually  found  to  be  at  sometimes  pressure  and  at  sometimes 
exhaustion.    The  principles  of  the  indicator  diagram  taken  off  pumps  are 

*  ifavai  Scme$f  vol.  II,  page  470. 
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precisely  the  same  as  those  from  the  steam  cylinder ;  but  the  mechanical 
construction  is  entirely  different.  In  this  case  the  motion  for  the  pencil  when 
showing  the  pressure  of  the  water  is  rtstng  during  the  motion  of  the  paper 
barrel,  whereas  with  steam  it  is  stationary.  To  make  this  matter  dear, 
''  imagine  a  pump  with  the  piston  at  one  end,  and  the  harrel  JiUed  with  water ; 
the  action  of  the  piston  on  moving  is  to  compress  the  water  until  the  discharge 
valves  open,  when  the  water  will  be  driven  out  with  a  velocity  due  to  that  of 
the  piston." 

''Again,  assimie  that  the  same  piston  is  at  the  end  of  its  stroke,  but  the 
barrel  only  partially  filled  with  water,  the  result  will  be  that  on  the  piston 
moving  for  a  certain  distance  there  will  be  no  pressure,  because  the  water  is 
being  merely  pushed,  and  maintaining  its  level  due  to  its  gravity  during  that 
time ;  but  immediately  the  water  fills  the  space  in  front  of  the  piston  then 
the  pressure  occurs,  because  the  water  is  lifted  above  its  natural  level." 

As  a  practical  introduction  we  introduce  the  diagram  Fig.  104.* 

Fig.  104. 


S  is  the  starting  point ;  « the  vacuum  limit ;  SP  the  stroke  of  piston ;  N 
down  pressure ;  B  denotes  return  stroke ;  D  denotes  compression  and  com- 
mencement of  discharge ;  D^  denotes  frdl  discharge ;  0  is  commencement  of 
stroke ;  T  is  termination  of  stroke. 

This  diagram  was  described  by  the  pencil  under  the  following  circumstances: 
— ^First,  the  paper  vibrated  and  the  atmospheric  line  was  described.     The 

*  The  Indioator  Diagram  practically  oonsidered,  by  N.  P.  BuBOH.  5tli  Edition.  London: 
C.  ft  F.  N.  Spon. 
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oommunication  from  the  air-pump  was  then  formed  by  taming  the  stop-plugy 
the  pencil  then  instantly  fell  to  «,  in  consequence  of  the  piston  of  the  pnnqp 
forming  a  iuetum  directly  it  moved,  and  thus  causing  the  atmoq^here  to  fotoe 
the  indicator  piston  down  to  the  point  of  resistance.  The  pencil  at  this  point 
becomes  stationary,  and  was  kept  in  that  position  by  the  atmospheric  prosenre 
during  the  stroke  of  the  pump  piston,  marked  8P  in  diagram,  or  the  length 
from  0  to  T.  This  piston  then  returned  and  forced  the  water  directly  in 
front  of  it  in  the  barrel  for  the  length  of  N,  which  shows  that  daring  that 
portion  of  the  stroke  there  was  but  little,  if  any,  pressure  in  the  pump.  The 
pendl  having  traced  the  (nearly)  parallel  line  for  the  length  of  N,  it  xoee  and 
formed  the  remainder  of  the  line  B,  while  the  piston  of  the  pump  mored 
until  it  reached  the  atmospheric  line. 

It  may  perhaps  be  necessary,  in  further  explanation,  to  state  that  while 
the  pencil  formed  the  line  B,  the  water  in  the  pump  and  in  front  of  Ote  piston 
constantly  maintained  its  natural  level ;  but  as  there  was  some  otr  amongst 
the  water,  that  vapour  rose  as  the  liquid  was  disturbedi  and  thus  caused  the 
pressure  to  be  helaw  the  atmospheric  line. 

The  compression  and  discharge  of  the  water  commenced,  and  thus  the  htd 
on  the  piston  caused  a  further  pressure  imder  the  indicator  piston  which 
forced  the  pencil  to  the  height  of  D.  Here  it  stopped,  and  the  pressure 
maintained  its  level  for  a  moment,  which  allowed  the  pencil  to  form  D^. 
The  main  load  on  the  piston  was  here  overcome,  because  the  bulk  of  tiie 
water  left  was  a  less  quantity  than  what  had  been  discharged ;  then,  as  the 
pressure  decreased,  the  pencil  descended  and  formed  the  line  D*,  and  it  then 
resumed  its  original  position  at  S.  The  arrows  marked  in  the  diagram  indi- 
cate the  motion  of  the  pencil. 

Fig.  105. 
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Fig.  105  is  a  diagram  taken  from  a  steamer's  starboard  air-pump,  whioh 
is  of  the  lifting  tdnd,  and  the  piston  fitted  with  a  large  brass  conical  valve. 
The  following  is  an  explanation  of  the  diagram : — ^At  a,  the  piston  being  at 
the  bottom  of  the  stroke,  starts  to  rise,  compressing  the  air  and  vapour  above 
ity  until  it  arrives  at  5,  at  which  place  a  sudden  discharge  of  air  and  vapour 
seems  to  have  taken  place,  and  the  pressure  fell  to  0,  from  which  point  the 
pressure  again  gradually  rose  until  it  arrived  at  d^  where  the  water  began  to 
be  delivered,  and  continued  to  the  end  of  the  stroke. 

Attached  to  the  top  of  the  air-pump  is  a  pipe,  running  down  into  the  bilge, 
for  the  purpose  of  pumping  off  the  bilge  water.  Where  this  pipe  is  attached 
to  the  pump  is  fitted  a  valve,  operating  like  an  ordinary  check-valve,  a  handle 
being  made  to  screw  down  on  the  top  of  it  to  keep  it  firmly  in  its  seat  when 
there  is  no  water  in  the  bilge. 

Steam  15  Ibi. ;  revolutioiis  10;  hot-well  106';  vaoaum  gauge  oat  of  order. 

Starboard  air-pump. 


Fig,  106. 


tf> 


Besirtunoe  of  vapour  and  water  in  air-pomp  ^  (6^6  +  31a  X  '0969  ss)  '6697  lb.  per 

square  indh  of  steam  piston. 

Oalculated  for  j  ftJl  of  water. 

There  being  no  water  in  the  bilge  at  the  time  Fig.  105  was  taken.  Fig.  106 
was  taken  five  minutes  after,  for  the  purpose  of  ascertaining  what  effect  the 
opening  of  this  valve  and  admitting  air  would  produce.  It  shows  that  no 
extra  power,  from  the  admission  of  this  air,  was  required  to  work  the  pump, 
the  average  pressure  being  about  the  same  as  in  Fig.  105,  and  that  the 
vacuum  in  the  pumps  at  no  time  was  more  than  4^  lbs.  There  was  no 
alteration  in  the  vacuum,  as  shown  by  the  gauge,  however,  attached  to  the 
condenser,  and  the  engines  continued  to  work  in  the  same  manner  as  before 
the  bilge-valve  attached  to  the  air-pump  was  opened. 

In  these  diagrams,  the  pressure  at  the  termination  of  the  up  stroke,  it  will 
be  seeui  is  about  2^  lbs.  per  square  inch  above  the  atmospherei  which  is  due 
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to  the  height  of  the  level  of  the  water  sarrounding  the  ship  above  the  top  of 
the  air-pump.  The  pressure  increased  to  between  7  and  8  lbs.  per  square 
inohy  as  shown  in  other  parts  of  the  diagram,  ia  occasioned  by  the  friction  of 
water  and  vapour  through  the  delivery-pipes  and  valves.  The  slanting  off 
in  the  diagram,  Fig.  105,  from  « to  y,  we  think  partly  owing  to  two  oaueeB : 
First,  the  decreased  velooify  of  the  piston  as  it  approaches  the  end  of  the 
stroke  does  not  expel  the  water  with  such  force,  and  hence  there  is  not  ao 
much  friction ;  but  this  would  not  occasion  the  slanting  off  from  A  to  s  on  the 
return  stroke;  and  secondly,  therefore,  we  are  inclined  to  think  that  the 
string  slipped  or  stretched  a  little  from  s  to  y,  and  recoiled  again  to  ite 
original  place  from  A  to  s. 

Fig.  107  is  an  illustration  of  diagrams  from  vertical  pumps,  and  shows  the 
difference  in  the  discharge  pressure.  It  will  be  seen  that  the  injection-pamp 
diagram  shows  a  rapid  discharge  up  to  a  pressure  of  23  lbs.  from  the  vacaom 
line. 

The  diagram  from  the  circulating-pump  indicates  a  continuous  discharge^ 
and  that  there  was  little  clearance  for  the  water  in  the  barrel  before  pressure 
occurred,  as  the  pressure  or  angular  line  commences  at  the  beginning  of  the 
diagram,  thus  showing  that  the  water  began  to  leave  the  barrel  at  about 
one-third  of  the  stroke  of  the  piston  instead  of  two-thirds,  as  in  the  injeotion- 
pump.  The  reason  of  the  discharge  limit  line  being  horizontal  for  such  a 
length  is,  that  the  piston  had  to  force  the  water  through  the  tobes  of  the 
condenser,  and  thus  the  resistance  was  continuous  during  that  process. 

Fig.  107. 


Double-actiDg  pnmpfl.    Vertical  motion.    Screw  engines. 

The  surface-condenser  air-pump  diagram  indicates  below  the  atmospheric 
line,  and  shows  that  the  discharge  was  never  above  the  atmosphere,  and  that 
at  the  return  stroke  there  was  a  little  pressure  in  the  barrel,  as  indicated  by 
the  angular  line. 


The  AiiaUcr. 


391 


Fig.  108. 


Fig.  109. 
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We  now  proceed  to  ascertain  the 

Power  required  to  work  fhe  Air-pump. 

318.  Ascertain  the  capacities  of  the  steam  cylinder  and  air-pump,  by 
multiplying  the  areas  of  their  cross-sections  by  the  leng^ths  of  their  stroke, 
and  divide  the  latter  by  the  former,  which  will  give  the  ratio  of  the  cylinder 
capacity  to  that  of  the  air-pump.  But  Ihe  air-pump  makes  but  one  delivery 
stroke  to  every  two  strokes  of  the  steam  piston,  consequently,  divide  this  ratio 
by  two,  which  will  give  the  co-efficient  for  our  present  calculation,  and  this 
co-efficient|  multiplied  by  the  mean  pressure  per  square  inch  of  air-pump 


394  ^^^  matUr  hrmght  into  Bdhr  hy  Sea  Ff$4. 


Ez.  a.  The  required  saturatioxi  of  the  water  is  A;  then,  nnoe  the  eatiurKUoa  of  the 
water  in  the  h(dler  Ib  ttMed,  it  must  have  received  fy  from  the  oTaporated  water ;  so  that 
in  this  case  we  blow  off  ^  of  the  water  that  enters  the  boiler,  and  the  quantity  blown  off 
equals  ^  of  the  quantity  evaporated ;  ot*, 

Water  blown  off    :    water  evaporated    : :    i    :    s  :=  i* 

Stmilaily,  #e  may  show  that— 

If  required  satoration  =  A>  water  blown  off  =  ^  of  water  entering  tht  boilor,  and 

Water  blown  off    :    water  evaporated    ::    i    :    3  =  i. 

Be  3«  If  required  sattoation  =  A,  water  blown  off  r=  i  of  water  ebUtbkg  ibe  boQsr, 
ftod 

Water  blown  off   :    water  evaporated    ::    i    :    4  =  i. 

Bs.  4.    If  required  eainration  =  -^ ,  water  evaporated  =  |  of  water  blown  ofl^  and 


Water  blown  off   :    water  evaporated    : :    i    :    }. 
Water  blown  off    :    water  evaporated 


Kk.  5.    If  required  saturation  =  i|-,  water  evaporated  =  ^  of  water  blown  ott,  and 


HL  6.    The  water  in  a  boiler  oonnected  with  a  jet  condenser  shows  ^ :  what  propoitiieii 
of  the  feed  is  used  as  steam  P 
If  1  be  the  quantity  blown  off,  then  1}  will  be  the  fall  feed  and  f. 

Then  the  answer  to  the  qnestion  will  be  the  ratio  }  to  1} ;  clearing  the  termA  of  the  lalSo 
of  fraofcions  by  multiplying  by  8,  we  have  |  X  8  =1  7,  and  i|  X  8  =  15, 

. ' .  the  ratio  is  7  to  15,  •.«.!  7  gallons  out  of  15  gallons  of  Coed. 
The  water  in  the  boiler  is  ^ :  what  proportion  of  the  feed  is  used  as  steam  f 

An8w$r,    7  gallons  out  of  15  gallons. 
The  water  in  the  boiler  is  ^ :  what  proportion  of  the  feed  is  used  as  steam  P 

Answer,    3  gallons  out  of  5  gallons. 

Ex.  7.  The  boiler  contains  50  tons  of  fresh  water  on  starting  on  a  voyage ;  the  water  in 
the  hot- well,  through  some  leak,  is  i  of  the  saliness  of  the  soa :  how  many  tons  of  water 
must  have  been  evaporated  during  the  voyage,  if  at  the  end  of  the  voyage  the  boiler  has  2} 
times  the  saltness  of  the  sea,  there  having  been  no  blow-off  P 

The  number  of  times  the  boiler  was  filled  =:  a}  -7-  ^  =:  ao. 

The  weight  of  water  =  50  tons  X  20  =  1000  tons.    Asmoer, 
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QUESTIONS  RELATING  TO  TEMPERATURE. 


EXAMPLBS. 


Ex.  I.  Fahrenheit's  thermometer  is  marked  32°  at  freering  point,  and  a la^  at  boiling 
pointy  while  Centigrade  is  marked  o^  at  freezing  and  100°  at  boiling :  what  mark  on 
Fahrenheit  shonld  agree  with  89^  on  Centigrade.    (See  article  on  **  Thermometen,  fto.") 

There  are  180*  between  freesing  and  boiling  point  on  Fahrenheit. 
„        100^  „  ,,  Centigrade. 

Now  this  temperatme,  89^  C,  is  89°  above  the  temperature  of  the  melting  point  of  ioe» 
Find  how  many  of  the  F.  degrees  will  oorrespond  to  this  by  the  proportion 

100^    :    180^    : :    89^    :     i6o^*i  F.,  the  answer. 

100°    :    180°    ::    89° 

«  =  ^^^^  =  ^  =  i6o»a  F.  above freering point 

5  .i— 

i9a*a  F.  =  required  reading. 

To  this  i^*a  F.  degrees  above  the  ficeesing  point  add  3a%  and  we  get  i9a**a  F.  m  thq 
required  reading. 

Ex.  a.    What  mark  on  the  Centigrade  scale  will  indicate  the  temperature  of  47"  Fah. 

Here  47"*  F.  means  15*  of  Fahrenheit's  degrees  (47*  —  31*  =  i5<')  above  the  melting  pmnt 
of  ice.  Find  the  number  of  degrees  on  the  Centigrade  scale  which  corresponds  to  15  on  the 
Fahrenheit  scale  by  this  proportion    180^    :    100^    ::    15^    :    8*^-3  the  answer. 

i^o<*    :     100**    ::     15**    :    « 

5 
*  =  ^-^^  =  V  =  8-3 

9 

That  is,  47®  F.  is  the  same  as  8*''3  of  Centigrade  degrees  above  the  freenng  pointy  or 
8»-3C. 

For  further  exercises  on  the  changing  of  the  readings  of  the  different  thermometer  ioales 
see  article  '*  Thermometers." 

Ex.  3.  The  sea  water  is  at  54%  and  the  water  in  the  hot- well  is  at  1 15" ;  if  the  sea  water 
gets  to  74%  and  if  you  cannot  put  on  more  injection,  what  will  now  be  the  temperature  of 
the  hot-well  f 

74*  —  54*  =z  ao*.  Then  115**  -J-  ao°  =  135°.  AnHP$r. 

Ex.  4.  What  weight  of  water  at  60*  F.  must  be  mixed  with  ao  lbs.  of  steam  at  atmo« 
spheric  pressure  to  produce  water  at  lao^  F.  P 

The  formula  for  working  the  above  is  obtained  as  follows:  — 

Let » lbs.  of  steam  at  a  temperature  t  be  injected  into  y  lbs.  of  water  at  a  temperature  tf 
and  let  the  resulting  temperature  of  the  condensed  steam  and  water  be  T.  Also  let  H  be 
the  number  of  units  of  heat  in  steam  at  a  temperature  t,  reokoniuj^  ^m  lero  of  Fahrenheit's 
scale. 

The  steam  loses  x(Bi  —  T)  units  of  heat,  and  the  water  gains  y  (T  —  f)  units  of  heat. 

.  • .  «  (H  —  T)  =  y  (T  -  0. 

Here  4;  =  ao,  ^  =  aia,  T  =:  lao,  H  ^  1178*6,  ^  =  60. 

.  • .  y  (lao  —  60)  ^  ao  (1058*6)  . ' .  y  =  35a'87  lbs. 
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Ex.  5.  If  37  lbs.  of  water  at  32**  Fah.  be  added  to  43  lbs.  at  11  a**  Fah. :  what  will  be  tfaa 
resultiiig  temperature  ? 

Thermal  units  ia  the  ist  quantity  =  37  lbs.  X    32°  =    11 84 
„  »  md      „        =43         Xaia'*=   9"^ 

Total        =  10300 
Weight  of  the  mixture  =  37  lbs.  -)-  43  Ibi.  =  80  Iba. 
. ' .  Temperature  of  mixture  =  10300  ^  80  =:  128*75  1^* 

Ex.  6.  If  I  lb.  of  Btoam  raises  the  temperature  of  1000  lbs.  of  water  i^,  the  sea  water  if 
50*^,  and  the  discharge  water  is  1 10* :  how  many  pounds  of  circulating  water  puBSoe  the  000- 
'denser  for  each  pound  of  steam  P 

Temperature  of  discharge  water    no''  6,0)100,0  Ibe. 
„           sea  water                50  ^^— 

—  i6'661bB.  AnM. 

Difference        60 

Ex.  7.  What  is  the  pressure  per  square  inch  when  the  temperature  is  75^  Eahreiiheit» 
and  the  barometer  shows  29*4  inches  of  mercury  P 

FormuU  ^-^^  ^-^^  =  -^^HiH  =  15*798  lbs.  Am. 

9057  +  <  9057+75  ^ '^ 

Ex.  8.  The  temperature  in  the  funnel  is  593^,  with  a  consumption  of  25  tons  per  daj; 
after  a  few  days  it  increases  to  29  tons  per  day  to  raise  the  same  amount  of  steam :  what  li 
now  the  temperature  of  the  funnel,  nothing  else  having  altered ;  and  what  is  the  canae  of 
this  increased  consumption  P 

NoTB. — If  the  cost  of  evaporation  bo  increased  by  (n)  per  cent.,  the  alteration  in  the 
temperature  of  the  escaping  gases  will  be  increased  by  22  (ft)  degrees. 

29  tons. 

25    „  Here  the  increase  is  4  tons  on  25  tons;  what  is  this 

per  cent.  P 


Increase  =  4    „ 


25     :     100 

4 


25)400(16  per  cent.  =  n. 
»5 

'50 
150 

.  * .  Increase  of  temperature  =  16  X  22  =  352^ 
Original  temperature  593 

Present  temperature  945 

Ex.  9.  Suppose  the  temperature  of  the  injoction  water  to  be  60^,  steam  as  it  enters  the 
condenser  212*,  and  water  in  the  condenser  at  iio^ :  required  the  proportion  of  injection 
vater  to  the  water  evaporated  in  the  boiler. 

1 178*'6  =  total  heat  of  steam  at  the  sensible  temperature  of  212". 
I  lo^'o  =:  temperature  of  the  water  after  condensation. 

1068**6  :=  heat  to  be  destroyed. 

1 10*     =  temperature  of  the  water  after  condensation. 
6o<*     =  temperature  of  the  injection  water. 

50<>     r=  difference. 
Now,  then,  we  have  io68°'6  of  heat  to  be  destroyed,  and  only  50*^  to  do  it  with ;  therefore, 
we  must  make  up  this  difference  in  quantity;  hence  io68**'6  -f-  50°  =  2i<*'372  times  the 
evaporated  water  to  be  admitted  into  the  condenser  to  condense  the  steam  and  keep  the 
condenser  at  the  temperature  of  1 10^. 
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Ex.  lo.  If  the  Bea  water  be  at  60**  Fah.,  and  the  water  in  the  hot- well  at  106*  Fah. :  how 
many  lbs.  of  sea  water  will  be  required  to  condense  i  lb.  of  steam  P 

HmJa      »»49**'6  —  If   where  t  =  the  temperatore  of  sea  water, 
-*^^-         f-<     '     and<'=  „  hot-welL 

"f  ^  7  ^  =  ^^f  ^  -V~  =  ig^  =  a6'i4  lbs.    Amb. 

V  —-  t  100  —  00  4^^ 

Ex.  ir.  The  total  heat  of  steam  may  be  fonnd  from  the  following  formula,  1115^  -)- 
-3 1>,  where  T  is  the  temperature  or  sensible  heat  of  the  steam.  (See  chapter  on  "Properties 
of  Steam}." 

'  Example. — ^What  is  the  total  units  of  heat  in  steam  of  a  i  a^  P 

1115* +  '3  X  aiaOu:  1115° -|- 63<>'6  =  1 178-6,  the  total  heat. 

Ex.  13.    And  what  will  be  the  latent  heat  in  this  case  P 

Total  heat       =  z  178-6 
Sensible  heat  =    aia 


Latent  heat     =    966*6 

Ex.  13.    Find  the  total  and  latent  heat  of  steam  thai  is  60  lbs.  by  the  gauge. 

60  lbs.  -)-  15  lbs.  =r  75  lbs.  gross. 
And  the  temperature  of  steam  at  75  lbs.  pressure  is  3090, 

.  • .  1 1 13°  +  '3  X  309  =  1 115*  +  9a*7  =  iao7»*7  totU  heat. 
iao7*-7  —  3090  =:  898*-7  latent  heat. 

Then  if  we  know  the  temperature  of  the  feed  water,  and  subtract  this 
temperature  from  the  total  heat  of  the  steam,  the  remainder  will  be  the  units 
of  heat  to  eaoh  pound  of  water  turned  into  steam. 

Or,  II 15°  -|-  '3  T^  —  ^  =  ^"^^^  ^^  heat  required  to  turn  z  lb.  of  water  into  steam. 

Ex.  14.  If  the  steam  in  the  boiler  be  at  309^  and  the  feed  water  be  at  iio^ :  how  many 
units  of  heat  will  it  be  necessary  to  add  to  this  water  to  oouTert  a  pound  of  it  into  steam  P 

1 1 15*  +  -3  X  309  —  "o  =  '097*'7»  '^^' 

Ex.  15.  The  temperature  of  the  hot- well  was  iia^,  and  the  evaporation  was  at  the  rate 
of  8  lbs.  of  water  per  i  lb.  of  coal :  what  would  be  the  evaporation  if  the  temperature  of  the 
hot- well  was  increased  to  150*  P 

Increase  — 

. •,  *^7=^  X  8  lbs.  =  -176  morease, 
. '  J  8  -|-  '176  z=  8-a76  the  eraporation.    Amwer, 

Ex.  16.  The  I.H.P.  of  an  engine  is  68a,  and  the  weight  of  steam  per  hour  per  I.H.P.  is 
ai  lbs. ;  if  I  lb.  of  steam  condensed  gives  out  sufficient  heat  to  raise  1000  lbs.  of  water  1^ 
Fah.,  the  injection  water  having  a  temperature  of  61**,  and  is  discharged  at  104** :  how  many 
tons  of  injection  water  are  used  per  day  of  10  hours  P 

Temperature  of  discharge  104*'  Then  ^|^  =  a3-a56  lbs.  of  water  to  condense 

„  injection    61  z  lb.  of  steam. 

43 
68a  X  ai  =  143a a  lbs.  of  steam  condensed  per  hour. 

I43aa  X  a3'a56  =  33307a'43a  lbs.  of  cold  water  per  hour. 
•  *  •  ^^^°^T^Q  ^ '°  =  1486-93  tons  of  infection  water  used  per  day.    Ant. 

Ex.  17.  If  I  lb.  of  coal  evaporates  9  lbs.  of  water  from  and  at  a  i  a**  Fah. :  how  much  will 
z  lb.  evaporate  if  the  steam  was  at  330°  Fah.,  and  the  feed  water  at  lao^  Fah.  P 

First,         1 1 15®  -I-  *3  X  aia^  —  aia^  =  966*6  units  of  heat  to  i  lb.  of  steam, 
Second,      1 1 15®  +  3  X  3*°**  —  iao«  =  1091  „  , 

.'.  1091°    :     966^*6    ::     9  lbs.     :    «  =  7*97  lbs.    Ana, 
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Ex.  1 8.  The  temperature  of  the  water  in  the  hot- well  Ib  i 30*,  and  the  Taoania  ia  1 1|  Iba, 
bat  by  some  aocident  the  temperature  of  the  water  in  the  hot-well  ia  inoieaood  to  150P: 
what  shonld  now  be  the  yaouum  P 

Docreaae  =  <^-*> 'T-y;)  («-So) 

looooo 

•     ^50  —  lao)  (150  —  50)  (i«o  —  so)  ^  30  X  100  X  70  _  ^.-  IV- 
•    •  100000  —        looooo        — »  *  *■»• 

.  * .  new  yaonum  ^  1 1*5  lbs.  —  2*1  Ibe.  =:  9*4  lbs.    Answer, 

Ex.  19.  On  starting  on  a  voyage  the  oonsamption  was  8}  tons  per  day,  and  the  tampan* 
tore  of  the  funnel  was  560°,  but  at  the  end  of  the  voyage  the  temperature  was  fonnd  to  be 
690P :  what  was  the  increased  consumption  P 

=:  inorease,  where  F  =  diff.  of  temperature  X  by  the  original  oonmimptioii. 


MOO 

aioo 


aaoo^~  ^  ^i  *®^"  ^^  "5°*  increase  of  consumption. 
. ' .  present  consumption  =  8*5  -)-  '503  =  9*002  tons.    Anmffer, 


Ex.  20.    If  the  loss  by  blowing  ofif  is  *ii  of  the  fuel  used,  the  temperature  of  the 
being  250°,  and  that  of  ttie  feed  being  110° :  what  should  the  boiler  water  be  at  aboT^  fta 
feed  density  P 

T  — « 


M  = 


J  (XII5*  +  '3  T 


-*+' 


250  —  XIO 


=  ri  (1115" -f  '3  X  aso— ITol  +  '  =  iWir  +  I  =  I'l?.    ^^niwtr. 

320.  In  condensing  engines,  the  steam  is  condensed  (when  it  ezhanatsX 
either  by  being  brought  into  contact  with  a  jet  of  cold  water,  as  in  the  case 
of  a  common  jet  condenser,  or  by  passing  through  or  around  a  series  of  tubes 
made  cool  by  water  being  passed  around  or  through  them,  which  is  the 
action  when  a  surface  condenser  is  employed.  When  a  jet  condenser  is  used, 
salt  water  is  pumped  into  the  boilers,  but  a  surface  condenser,  if  tight^  saves 
the  fresh  water  derived  by  condensation,  and  it  can  be  returned  to  the  boilers 
again  and  again.  By  this  means  nearly  all  the  feed  water  is  fresh,  and  but 
little  blowing  off  is  required  to  keep  the  water  at  a  certain  point  of  saturation. 
A  calculation  of  the  loss  by  blowing  off  will  show  us  the  gain  derived  from 
fresh  water  condensers,  supposing  them  to  be  tight,  and  to  condense  all  the 
steam  used  by  the  engines.  We  will  show  the  method  of  calculating  the  los^ 
by  blowing  off. 

The  number  of  degrees  of  heat  that  must  be  imparted  to  the  water  ocm- 
verted  into  steam  wiU  be  the  number  in  the  total  heat  of  the  steam  minus 
the  number  of  degrees  in  the  feed  water.  The  heat  lost  by  blowing  off  will 
be  the  difference  between  the  temperature  of  the  feed  water  and  the  sensible 
heat  of  the  steam.  A  comparison  of  this  loss  with  the  entire  number  of 
degrees  of  heat  required,  being  the  sum  of  the  heat  imparted  to  the  steam, 
and  that  to  the  water  blown  off,  will  give  the  per  cent,  of  loss. 

Examples. 

Ex.  I.    What  is  the  per  cent,  of  loss  by  blowing  off,  supposing  the  water  entering  the 
boiler  to  be  -^gf  and  that  the  water  is  carried  at  a  saturation  of  ^ ;  supposing  also  the 
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temperataxe  of  the  water  entering  the  boiler  to  be  100^  Ffth.,  and  the  temperature  of  the 

water  in  the  boiler  to  be  248**.    (The  total  heat  in  steam,  haying  248®  for  the  sensible  heat, 

18  ii89«-58). 

ii89'''58  =  total  heat. 
ioo°'oo  =  temperature  of  water  entering  the  boiler. 

io89»*58 

Bat  since  as  much  water  is  made  into  steam  as  is  blown  off 

io89'*'58  X  I  =  1089^*58  =  heat  reqaired  for  the  water  to  be  evaporated. 

348**  =  temperature  of  the  water  in  the  boiler. 
100  =  „  „         entering  „ 

148**  =  heat  lost  by  blowing  off. 

Therefore,  sinoe  one  part  (reqairing  1089*^58)  is  conTerted  into  steam,  and  the  other  part 
(requiring  148°)  is  blown  off,  the  total  heat  imparted  to  the  water  is  (io89<**58  -)-  148"*  =:) 
1237^*58,  and  as  148°  of  this  is  blown  off,  we  have 

1337^*58    :    148"*    ::    100    :    11-95  &c,  per  oent.  of  heat  lost  by  blowing  off. 

Ex.  a.  What  is  the  per  cent,  of  heat  lost  carrying  the  water  at  a  density  of  —  ,  the  other 
data  being  the  same  as  in  the  preceding  example  P 

Here  only  }  as  much  water  is  converted  into  steam  as  is  blown  off,  so  that 

ii89<**58  —  ioo<>  =  (io89'^'58)  X  }  =  817*"'! 85  =  heat  required  from  the  fdel  for 

the  water  to  be  evaporated. 

248"^  —  100**  =  148°  =  heat  lost  by  blowing  off. 

8i7°'i85  -f  148''  =  965**185  =  total  heat  imparted  to  the  water. 

Therefore,  956**185  :  148"*  : :  100°  :  15*33,  &o.,  per  cent,  of  heat  lost  by  blowing  off. 

Ex.  3.  What  is  the  per  cent,  of  loss  by  blowing  off,  where  the  water  which  enters  the 
boiler  at  iff,  having  a  temporatore  of  iio<>,  and  is  carried  at  a  density  of  A*  and  having  a 
temperature  of  260*".    (The  total  heat  of  steam  having  26QP  for  the  sensible  heat  is  1 193^'45.) 

11930*45  —  110^  =  io83°-45  =  heat  imparted  to  the  water  converted  into  steam. 

But  twice  as  much  water  is  made  into  steam  as  is  blown  off. 

io83''*45  X  2166**9  =  ^^^  producing  effect  for  every  260^  — 110^  =  150^  heat  lost  by 

blowing  off. 

2i66*'9  ~h  '5^  =  >3i6''*9  =  total  quantity  of  heat  imparted  to  the  water. 

3316**9  :  156*  : :     100  :  6*47  per  cent,  of  heat  lost  by  blowing  off. 

These  per  centages  are  the  losses  in  fuel,  combxistiblei  minus  that  lost  by 
radiation  and  heated  gases  passing  up  the  chimney. 

The  above  calculations  apply  only  to  cases  when  the  water  enters  the 
boiler  at  a  density  of  ^ ;  should  it  enter  at  a  lower  density,  the  loss  will  be 
less,  or  a  greater  density  more,  because  to  retain  the  water  at  the  density 
assumed  in  the  above  examples,  there  would  either  have  to  be  a  less  or 
greater  quantity  blown  off  than  we  have  considered  to  be  the  case. 

321.     &<Hn  hy  pumping  water  into  the  boiler  at  an  increased  temperature. 

EXAMFLBS. 

Ex.  I.  Steam  248%  feed  water  100*,  and  density  1^ :  now  snppose  the  feed  water,  instead 
of  entering  the  boiler  at  loo*,  is  made  to  enter  at  150° :  what  will  be  the  saving  of  fuel  by 
BO  doing? 
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1189^*58  (=  total  heat  of  steam)  —  too*"  (=  temperatore  of  feed  water)  =  loM^^s^ 
=:  heat  required  from  t^^e  fael  to  evaporate  one  part  of  water. 

248'  (=  temperature  of  water  blown  off)  —  looP  (^  temperature  of  feed  water) 

=  148°  (heat  lost  by  blowing  off), 

and  1089**58  -|-  148*  =  1137^*58  =  total  heat  required  from  the  iiiel  when  the  water  eotfln 
the  boiler  at  looP^  Let  us  now  see  what  the  total  heat  will  be  when  the  water  is  pumped 
in  at  150^,  and  the  difference  of  these  results  will  be,  of  course,  the  saving. 

1 1 89^*58  —  150°  =3  1039**58  =  heat  required  from  the  fuel  to  evaporate  one  part  of  water; 

248°  —  150*  =1 98°  =  heat  lost  by  blowing  off, 

and  1039^*58  -|-  98*  =  1137**58  =  total  heat  required  from  the  fuel  (when  the  water 

enters  the  boiler  at  150*}.     Therefore 

"37°'58 

100*  ^  saving  in  degrees ; 

whence  1237^*58  :  100*  ::  100  :  8*08  per  cent;  tbati8tosay,ifwiththefeed  water  at  100° 
the  boilers  consumed  100  tons  of  coal  per  day ;  with  the  increased  temperature  of  150^  thej 
would  produce  the  same  quantity  of  steam  with  (100  —  8*08  =r)  91*92  tons. 

Ex.  2.    Suppose  that  the  density  of  the  water  in  the  above  example  was  ||  and  all  the 
other  conditions  remain  the  same :  what  would  be  the  saving  in  that  case  P 

ii89®*58  —  100  =  io89»*58  X  y-  =  8i7**i85  =  heat  required  from  the  fuel  for  the 

water  that  is  evaporated. 
248°  —  100  =:  148^  =  heat  lost  by  blowing  off. 

817**185  -|-  148*  s:;  965**185  :^  total  heat  required  from  the  fuel  when  the  water  is  pumped 

into  the  boiler  at  100*. 


1189^*58  —  150°  =r  1039*^58  =  heat  required  frt>m  the  fuel  to  evaporate  one  port  of 

1039**58  X  i  =  779^685  =  heat  required  from  the  fuel  for  the  water  that  is  evaporated. 

248*  —  150*  =:  98*  =  heat  lost  by  blowing  off. 

779'*'685  -)-  98*  =3  877**685  =:  total  heat  required  from  the  fuel  when  the  water  is  pumped 

into  the  boiler  at  150^. 

Therefore,  965^*185  :  87**5  ••  'oo  •  9*06  per  cent. 

Ex.  3.  Water  ia  the  boilers,  carried  at  a  density  of  1}  per  saline  hydrometer ;  tempera- 
ture of  the  condenser  and  water  entering  the  boilers  105*  Fab. ;  vacuum  in  condenser  27*82 
inches.  Oompare  the  economic  performance  of  the  engine  under  these  circumstances  with 
the  same  engine  carr}'ing  the  water  in  the  boiless  at  the  same  density,  but  the  water  in  the 
condenser  at  120®  Fah. ;  the  mean  pressure  of  steam  in  both  cases  20  lbs.  per  sq.  inch. 


.  Neglecting  the  difference  of  power  in  the  two  cases  required  to  work  the  air-pump, 
the  boiler  pressure  at  20  Ibs.^  and  2  inches  of  mercury  to  be  equal  to  i  lb.  pressurei  we 
proceed  thus— 

1 1 84  —  105  X  f  +  22%'s  —  105    :     228**5  —  105*    : :     100    :     13-23  per  cent,  loss 

by  blowing  off  in  the  first  case. 

1184— 120  x^  +  m8*5  —  120    :    228**5  —  120*    ::     100    :    11*96  per  cent,  loss 

by  blowing  off  in  the  second  case. 

20X2         2*18  (backpressure)    ::     100    :    5*45  per  cent,  of  the  effect  of  the  engine 

lost  by  back  pressure  in  the  first  case. 

20X2    :    3*33  (back  pressure)    ::    100    :    8*325percent.  of  the  efleoC  of  the  engine 

lost  by  back  pressure  in  the  second  case. 
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Now,  tlien,  letfciog  the  iiiel  represent  the  power,  we  obflerre,  in  the  first  case,  that  onlj 
(100  —  13*23  =)  S6'77  per  cent,  reachas  the  engine,  of  which  5*45  per  cent,  of  86*77  per 
cent.  :=  4*73  per  cent,  of  the  total  effect  lost  by  back  pressure,  leaving  (86*77  —  4*73  :=) 
8a'04  per  cent,  to  be  applied  to  working  the  engine. 

In  the  seoond  case  (100—11*96  =)  88*04  per  cent,  of  the  power  reaches  the  engine,  of 
which  8*325  per  cent,  ii  lost  in  back  pressure,  and  8*325  per  cent,  of  88*04  per  cent.  =  7*33 
per  cent  of  the  total  effect  lost  by  back  pressure ;  leaving  (88*04  —  7'33  =)  80*71  per  oent» 
to  be  applied  to  working  the  engine. 

Therefore,  under  the  conditions  of  the  question,  the  engine  in  the  first  case  perfbrms  the 
■ame  amount  of  work  with  (82*04  —  80*71  =)  1*33  per  oent.  less  fueL 

This  calculation  can  be  made  accurate  by  taking  diagrams  from  the 
cylinder  and  air-pump,  under  the  conditions  of  the  example,  and  estimating 
the  power  in  each  case ;  then,  the  power  to  work  the  air-pump  is  considered* 

EXAHFLKS  FOB   PBAOnOB. 

!•    How  much  water  should  you  allow  for  the  condensation  of  each  cubic  foot  of  steam 
at  21  a*  during  the  working  of  an  engine  t 

2.  What  quantity  of  water  is  required  to  obtain  one  cubic  foot  of  steam  at  21a*  P 

3.  A  pound  of  steam  at  212^  Fah.  is  passed  into  20  lbs.  of  water  at  70**  Fah. :  what  is  the 

temperature  of  the  water  at  the  dose  of  the  operation  f    Anawer  i2a^*79  Fah. 

4.  If  a  pound  of  water  at  aia^  be  mixed  with  x  pounds  of  water  at  60^ :  what  is  the  yalne 

of  X  when  the  resulting  temperature  is  100''  P  Again,  if  a  pound  of  steam  at  aia^ 
be  mixed  with  y  pounds  of  water  at  60'' :  find  y  when  the  resulting  temperature  is 
100**.    Account  for  the  difference  between  x  and  y.    Ant.,  a'8  and  26*965. 

5.  Zino  boils  at  1204**  Fah.,  mercury  at  608**  Fah. ;  change  the  readings  into  Genttgrade 

scale.    Answer,    650°  0.  and  320**  0. 

6.  Change  the  following  readings  firom  Fah.  scale  into  G.  scale : — Polished  steel  is  of  a 

deep  blue  colour  at  580*  Fah.  Polished  steel  is  of  a  pale  straw  colour  at  460^  Fah. 
Sea  water  freeaes  at  28°  Fah.    Answer,    304**5  0.,  237»*75  0.,  and  —  a°*a  0. 

7.  The  £oUowing  table  of  rMMrJta6/(0  ^Mftp^o^MTM  is  given  according  to  the  0.  scale :  what 

are  the  corresponding  readings  on  the  Fah.  scale  P 

Greatest  artificial  cold  ••••••••••• 140** 

Mercury  freeses  •  4  •••••••••••••••••••••••••  •  39*4 

Ice  melts  • •  •  • •  • •  •  • .  •  o 

(Greatest  density  of  water     .••••••.•.•.••....  4 

Blood  heat   ••.•.•.•.•••• •••••••••..  36*6 

Waterboils     ••.. •••• ••••••.•  100 

Bed  heat  ••..•• •••••••...•• •  •  •  •  •  536 

Cast  iron  melts   • . . .  • • • 1530 

Answers.    aao^Fah.;  38^*90;  3a'*;  39°*a;  97^*88;  aia°;  968»*8;  2786®. 

8.  A  unit  of  heat  is  the  heat  given  to  ilb.  of  water  to  raise  its  temperature  i^  G. ;  how 

many  units  of  heat  arc  involved  in  raising  3  lbs.  of  water  through  30  of  the  Fah. 
degrees?    Answer.    50. 

9.  The  latent  heats  of  i  lb.  of  water  and  i  lb.  of  steam  are  respectivoly  79  and  573  units, 

according  to  the  C.  scale :  what  are  they  accordiug  to  the  Fuh.  scale  P  Answer, 
141  and  966*6  units. 


10.    A  mixture  is  made  of  4  lbs.  of  water  at  7*  G.  with  6  lbs.  of  water  at  la**  G. :  find  the 
temperature.    Answer,    16*  G. 

FFF 
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QUESTIONS  RELATING  TO  STRAINS,    &c. 


322.  Giyen  the  strain  by  which  a  bar  one  inch  square  is  torn  asunder; 
it  is  required  to  find  the  force  that  will  break  another  bar  a  given  zinniber 
of  inches  square. 

It  has  been  found  by  experiment  that  a  strain  of  4500  lbs.  can  tear  asunder 
an  iron  bar  of  i  inch  square,  so  that  we  have 

RULE  CXXXIV. 

As  the  square  of  i  inch  i$  io  the  square  of  the  number  of  itteheM  m  ike  ft«r,  m  it 
^^00  pounds  to  theforee  required  to  break  the  bar. 

EZAICPLIS. 

Ex.  I.    If  a  bar  of  iron  one  inch  square  is  torn  asnndec  by  a  strain  of  4500  Ibo, :  what 
force  will  be  roqaired  to  break  a  bar  3  inches  square  ? 

I*     :    3*  4500    :    X 

I      :    9      : :    4500 

9 

40500  lbs.,  the  force  required* 

Ex.  a.    If  a  bar  of  iron  one  inch  square  is  torn  asunder  by  a  strain  of  4500  lbs. :  whal 
fovoe  will  be  required  to  break  a  bar  4^  inches  square  P 

I*    :    4-5»    ::    4500    :    c 

X  =z  4500  X  4*5"  =  4500  X  ao-25  =  91115  lbs. 

!•  :  45*  ::  4500 
4*5   *o'^5 


225  225 

180  90 

— ^  900 
20-25 


91125*00  lbs. 
EXAMFLSS    FOR   PbACTIOB. 

In  each  of  the  following  examples  it  is  required  to  find  the  foroe  that  will 
break  a  bar  of  a  g^yen  number  of  inches  square. 

I.       4-4 -quare  mohes.  .     4500  lbs.  breaking     \  4-        3*5  "qpiMe  inohss- 

*•        f  ^         "  \     bar  I  inch  square.      /  |'        f ij  »» 

Ex.  3.    A  bar  of  iron  2|  inches  by  }  inch :  what  is  the  strain  at  5000  lbs.  per  aq.  inohf 

Bar  of  iron  2*5 

•75 

"5 

'75 

1-875 
5000 


Strain  9375*000  in  lbs. 
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ExAVFT.»i  mn 

PBAonoa. 

No. 

Inflhet. 

Inches.           Stnln  per  aq. 

inoh. 

Atu,:  Strain. 

I. 

»i 

i 

5000 

9375      Ibe. 

1. 

4i 

I* 

5000 

33750        » 

3- 

6 

»i 

5000 

67500        >» 

4. 

4 

li 

5000 

17187-5     ,» 

Ex.  4.  If  the  shearing  strength  of  rivets  per  square  inch  of  section  is  taken  as  equal  to 
the  tensile  strength  of  the  plates  per  square  inch  of  section :  what  is  the  strength  of  a  donUe 
seam  of  the  following  dimensions : 

Diameter  of  rivets  |',  pitch  i}',  hreadth  of  plate  10^,  thickness  i%  and  tensile  strength 
of  plate  =  20  tons. 

Section  of  plate  =  10*5*  X  '25  :=  2*625  square  inches. 

Breaking  strength  of  plate  =  2*625  X  20  tons  =  52*500  tons. 

Belative  strength  of  seam  =  ^  ^  Kl^^P  ^  '  =  *****  =  '^7^' 
. ' .  Strength  of  seam  =  52*5  X  '8976  =  47*124  tons.    Anauw, 

Ex.  5.  A  poll  of  I  ton  per  square  inch  on  a  bar  of  wrought  iron  draws  it  '000075  of  its 
length. 

When  a  wrought  stay  of  the  following  length  is  loaded  to  a  strain  of  3  tons  per  square 
inch  of  section :  how  much  will  it  lengthen,  the  original  length  of  stay  being  15  ft.  2  in.  P 

-000075  X  3  X  182  inches  =  0*4095  inches.    Anatoer. 

£z.  6.    How  many  bolts  i^"  diameter  are  required  for  the  cover  of  a  cylinder  60'  dia- 
meter ;  the  boiler  pressure  is  50  lbs.  by  gauge,  and  the  straia  per  square  inch  on  the  bolts 
measuring  over  the  threads)  is  not  to  exceed  2000  lbs.  P 

323.  In  the  modem  marine  engine  the  diameters  of  some  of  the  principal 
parts  are  found  to  be  according  to  the  undermentioned  proportions;  the 
pressure  on  the  safetj-valye  is  supposed  to  be  70  lbs.  on  the  square  inch. 

The  proportions  suppose  the  length  of  stroke  to  bear  the  ordinary  ratio  to 
the  diameter  of  the  cylinder. 

Where  D  =:  diameter  of  the  low  pressure  cylinder, 
and  L  =  length  of  stroke. 

Diameter  of  body  of  piston-rod  =:  q^ 

Piston-rod  at  bottom  of  thread  =  —- 

Connecting-rod  bolts  —  (supposing  there  are  only  2}. 

BTEONO.  LIOHT. 

Crank-shaft  journals  ^^^  and  ^-^ 

Tunnel  shaft  ?^  and  ^±^ 

10  II 

Ex.  7.  The  high  pressure  cylinder  is  36"  diameter,  the  low  pressure  cylinder  80*  diameter, 
the  length  of  the  stroke  is  42* :  what  are  the  diameters  of  the  parts  specified  according  to 
the  foregoing  scale  of  proportions,  to  the  nearest  eighth  of  an  inch,  more  or  less  P 
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Body  of  piflton-xod  ==  —  =  f$  =  8  inchas. 

Piston-rod  at  bottom  of  threads  =  -—=:{(  =  5}  inohea  (nearly). 

Oonnectiiig-xod  bolts  ==  —  =  K  =  4  inohes. 

Crank  shaft  journals  (strong)  =  ^^  =  ^^^  =  1 3I  inohas. 


do.  do.        (light)    =?^  =  ?^=  Hi  inehet  (newly). 

Tunnel  shaft  (strong)  =  ^^  =  ?^±^  =  laj  inohefc 
do.         (light)    =?^  =  ?^  =  iiJinohe». 


11    —     11 


Ex.  8.  If  the  piston-rod  of  a  oompound  engine  of  ordinary  construotion  bo  made  to  1^  ol 
the  diameter  of  the  larger  oylindor,  what  will  be  the  oompression  per  square  inch  on  tti 
high  pressure  rod  when  the  pressure  on  the  top  of  the  piston  is  60  lbe.>  baok  pressure  17  Ibf.« 
and  diameters  of  cylinders  90*  and  50*  P 

60  lbs.  —  17  lbs.  back  pressure  =  43  lbs.  effective  pressure  on  instoa-xod. 

60  lbs.  —  15  lbs.  atmospheric  pressure  =  45  lbs.  ,,  ,, 

Diameter  of  rod  =  90*  -7-  10  =:  9'. 

Area  of  rod  =  9*  X  '7854  =  63*6174. 

Pressure  on  top  of  rod  ==  9*  X  '7854  X  45  lbs.  =:   2862-7830 

„  piston  =  (50*  —  9«)  X  -7854  X  43  1^«  =  8l^*95«8 

Total  =  84557-7348 
Oompression  per  square  inch  =  ^Wi'iW^  =  1 3>9*i  IIm.    Atmotr. 

Ex.  9.  Supposing  everything  the  same  as  in  the  last  example,  saving  the  baok  piowiue 
to  be  15  lbs. 

Pressure  on  top  of  rod     =  9"  X  7S54  X  45  lbs.  =   2862*7830 
„  piston  =  9*  X  -7854  X  43 11».  =  «5494'7«7o 

Total  r=  88357*5000 
.  * .  Oompression  per  square  inch  ==  M^Vrf  =  1388*8  lbs.    Aimoer. 

Ex.  10.  The  diameter  of  the  piston-rod  at  the  smallest  part  is  ^  part  of  the  diameter  of 
the  piston ;  if  the  effective  pressure  on  the  piston  is  equal  to  24  lbs.  per  square  inoh,  whal 
is  the  tensile  strain  per  square  inch  section  of  the  rod  when  the  piston  is  loose  or  slaok  on 
the  rod,  that  is,  when  the  friction  of  the  rod  in  the  eye  of  the  piston  Is  not  to  be  taken 
into  aoconnt  P 

KoTB. — ^The  area  of  the  rod  need  not  be  deducted,  although  in  striotoeiB  it  would  be 
oorrect  to  do  so. 

Let  diameter  of  piston  =:  14',  then  diameter  of  rod  ^  i. 

.'.8train='^\^^^g^  ^  =  14*  X  14  =  4704 Ibe.    AmtPir. 

Ex.  II.  The  diameter  of  a  piston-rod  at  the  smallest  part  is  tV  of  diameter  of  pistoat 
what  is  the  tensile  strain  per  square  inch  on  the  piston-rod  when  the  pressure  on  the  pistoo 
Is  40  lbs.,  baok  pressure  3*4  lbs.,  and  the  diameter  of  the  body  of  the  rod  is  ift  the  diameter 
of  the  piston  P 

In  this  example  the  sise  of  the  body  of  the  rod  is  given,  and  in  to  be  allowed  for. 

Let  diameter  of  piston  =  15'' ;  then  the  least  diameter  of  piston-rod  is  iV  of  15'  ^  i*,  and- 
the  greater  diameter  :=  tV  of  15'  =  i''3636. 
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EffeotiYe  pressore  =:  steam  preesare  ^  baok  premire  =  40  lbs.  —  3*4  Ibe.  =:  36*6  Ibe. 

Vaoaum  15  lbs.  —  back  pressure  3*4  lbs.  =  11*6  lbs. 

Area  of  piston  —  area  of  rod  =  (i5*  —  I'sV)  X  '7854  =  «75*»559« 

Pressure  on  this  =  175*3559  X  36*6  lbs.  ?=  ^14*3^594 

F^rassore  on  piston-rod  =  (i"363'  X  '7854)  X  xi'61b0.      =:     16*92544 

Total     =6431*39138 

.'.Ten8Uestrain  =  ^^^^^^=:  8188-56  lbs.    Jnatiwr. 

The  short  way  as  in  last  example  is 

15'  X  3^'^  =  «5  X  15  (=  «»5)  X  3^*^  =  83350  lbs.    AmtPir, 

£ix.  la.  The  piston  is  5 1'  diameter,  and  at  the  beginning  of  the  stroke  the  pressure  is  38 
lbs.  per  square  inch ;  if  the  crank-pin  is  9*  diameter,  what  length  should  it  be  in  the  bearing 
if  the  pressure  on  the  pin  is  not  to  exceed  700  lbs.  per  square  inch  f 

Area  of  piston  =  51'  X  '7854  =  2042*8154. 

Pressure  on  piston  =  2042*8254  X  38  lbs.  =  77627*3682  lbs. 

Area  of  longitudinal  section  of  pin  =  77627*3682  -f-  700  :=  110*89626, 

. ' .  Length  of  bearing  =  x  10*89626  -f*  9  =  1^*32  ftc,  inches.    Anawer. 

Or  thus:  ^'  ""  ^'70^ Tg^  ""  ^'  =  "'3'  inches,  Ac    Jsmo^. 

Ex.  13.  The  diameter  of  the  crank-pin  journal  is,  according  to  the  larger  of  the  two 
proportions,  given  in  page  403,  and  the  length  of  journal  is  1*5  times  its  diameter. 

The  diameter  of  the  hJP,  cylinder  is  81*,  length  of  stroke  48',  and  the  areas  of  the 
cylinder  are  to  each  other  as  i  to  3.  The  effective  pressure  per  square  inch  at  the  beginning 
of  the  stroke  is  20  lbs.  on  the  L.P.  piston,  and  46  lbs.  on  the  H.P.  one. 

Diameter  of  crank-pin  =  ^^tlf  =  ^LlJ!  —  ip  =;  14I  inches, 

9  9  • 

Length  of  journal  =:  1*5  times  its  diameter  =:  14!  X  li  =:  >ii  inches. 

And  the  area  =  3o8i  square  inches. 
Area  oflow  pressure  piston  =  81*  X '7854   =5153*0094. 
„     high  „  =Jof  5153*0094=  1717*6698. 

Pressure  on  low  pressure  piston  =  5153*0094  X  so  =r  103060*1880. 
„         high  „  X  1717*6698  X  46=   79012*8108. 

Pressure  per  square  inch  on  L.P.  piston  =  103060*1880  -^  3o8i  =:  334*43  lbs.* 
„  „  H.P.     „     =   79012*8108 -r  308J  =  256*39  lbs. 

BEOTANGXTLAB  BEAMS. 


Ex.  I.    A  rectangular  beam  Is  16^  in  section,  and  64'  long ;  it  is  supported  at  the  end 
1^  a  weight  of  2240  lbs. :  what  is  the  depth  of  tiie  beam,  the  strain  being  laooo  lbs.  P 

(i)     B  X  B  X  D«  _.  '^  X  L.  Where  8  =  strain.  B  =  breadth,  D*  =  depth, 

*  2  ^  W  =  weignt^  and  L  =  leveirage. 

(a)     Qy^8xBxDxD_.^^j^^     Where  B  X  i>  =  •eotional  area. 

.    1% 'WxLx6 

'    "^""SXCBXD) 

?^^^  =  ««H  =  4*48  inches.    Jnstc^. 

Otherwise  by  (2)     ^^7^^^^  =  2240X64, 

32000  X  D  =  143360, 
.  * .  D  :=  143360  -7-  32000  =  4*48  inches.    AnttPir,  -  - 
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Ex.  a.  If  B  in  the  last  example  is  3%  D  5^  length  50%  and  weight  5000  Ibc:  vfeaft 
would  the  strain  have  been  per  square  inch  of  section  ? 

Sinoe^^^  =  Wx/  .-.8  =  ^3^^^ 

8  =  5000  >c_59 JL«  =  j^iy^pAft  s:  aoooo  lbs.    Jmwtr. 

a       a 
Or,  by  cancelling,  thus:—  8  =  555|^^-^  =  aoooo  lbs.    Amwtr. 

Ex.  3.  A  red  pine  beam  is  ao  feet  long,  18  inches  thick,  by  15  inohea  broad:  what 
weight  can  be  laid  in  the  centre  of  the  beun  if  the  working  strain  is  -^  of  the  hi  wiling 
strainP 

Breaking  strain  =  IJlilJLl?!  =  i^^  =  97  a  cwt. 
•  * .  Working  strain  =  ^  of  97  a  :=  97'a  tons.    Amwtr. 

Ex.  4.  A  beam,  14  feet  long,  and  weighing  i  x  cwts.,  is  supported  at  its  extremities  \ff 
two  props  A  and  B ;  a  weight  of  4  tons  is  placed  7  feet  from  B,  and  another  of  7  tons  at  6 
feet  from  A :  required  the  pressure  on  each  prop  ? 

Let  /  =:  length  of  beam,  W  ^  weight  suspended  at  a  foot  from  A. 

KoTB.<— a^  feet  from  A  =  /  —  distance  from  B. 

W  =  weight  suspended  at  a^  feet  from  A. 

Then  pressure  on  B  =  ^^^^t-ELil  x  J  a. 
P.essureonA  =  ^--^>+,^^<'-^^>  +  ia. 
Pressure  onB==7*^°'^^+/*"'"^'^  +  5iowt.  =  -**^'"  +  '*^°'  +  5i  cwt,  = 

^^  +  5*  cwt.  =  5  tons  5*  cwt 
Prts.^onA=7-^?5?^i»^^^  A3U. 

324.  The  strength  of  a  rectangular  bar,  or  its  moment  of  reeistanee  to 
transverse  breaking,  is  equal  to  the  breadth  multiplied  by  the  square  of  the 
depth  multiplied  by  the  maximum  strain  per  square  inch  divided  by  6.  The 
moment  of  load  is  the  weight  multiplied  by  the  leverage  with  which  it  acts. 
Take  all  dimensions  in  inches. 

Let  W  =  w^ht. 

L   ==  length  of  lever. 

D  =  depth. 

B  =  breads. 

8   :=  maximum  strain,  allowing  a  fiMstor  of  safety  of  ^Hmh 

WxL=^?^i^» 

'    '^    "-      BxS 
which  expressed  in  words  is  as  foUows  :— 

RULE  OXXXV. 
1°.    MMply  the  weight  (reduced  to  pounds)  hy  length  of  lever  and  bg  6. 
7?.    MuUtply  the.  breadth  (nr  thiekneeej  hy  the  strain  in  pounds. 
3^    Divide  the  result  obtained  in  1°  by  the  product  found  by  2^,  and  take  the 
square  root  of  the  qwdient:  the  result  is  the  depth  of  fulcrum  of  lever. 


QueiUau  relaUng  ia  8irmn$^  |u  40^ 


Ex.  I.  If  the  mazimam  strain  to  be  allowed  on  iron  be  taken  as  50000  lbs.  per  sqoare 
inch,  what  should  be  the  depth  at  the  ftilcram  of  an  iron  leyer  whose  thickness  is  1  inches, 
to  support  I  a  tons  at  the  extremity,  the  lever  arm  being  26  inches  long  ?  (Kegleoting  the 
shearing  strain.) 

Depth  at  ftdoram  =  ^H^^gZ?  =  6'^4^ 

50000  2340  lbs.'=  I  ton.  6  I  4i'93a8(6*47 

a  la  tons.  6  1 36 


looooo  26880  lbs.  124 1 593 

26  length  of  lever.  4  |  496 


161280  1287  I  9728 

53760  1 9009 

698880 

6  :=  fiustor  of  safety.  Atmoer,    Depth  =:  6*47  inehes.. 


41*93280 

Otherwise  :^Since  all  the  terms  but  one  in  the  general  formnla  above  are  known,  that 
one  may  be  found  by  multiplying  the  terms  on  one  side,  and  also  those  on  the  other  side 
(the  unknown  one  excepted),  and  then  dividing.  In  this  instance  all  the  terms  are  known 
•xoepting  the  depth. 

Then  (50000  X  a  -r  6)  X  <?•  =  (2240  X  ")  X  26. 

i«  X  i6666|  =  698880,  .•.<?■  =  £^  =  4i'93a8. 

*^  41*9338  =  6*47  inches.     Amwer, 

Ex.  2.  If  the  maximum  strain  to  be  allowed  on  iron  be  taken  as  51520  lbs.  (23  tons)  per 
■quare  inch,  what  should  be  the  depth  at  the  fulcrum  of  an  iron  lever  whose  thickness  is  a| 
inches  to  support  1 7  tons  at  the  extremity,  the  lever  arm  being  32  inches  long  t  (NegleotiDg 
the  shearing  strain.) 

Depth  at  fulcrum  =  ^^^7  ^^^VUL^  =  7.53  inches  nearly. 

2240  X  17  (=  38080)  X  a  (=  "18560)  X  6  =  7311360  ^  ia88oo  (=  a|  X  515*0) 

=  56*7^5*«    1/  56765a  =  7*53  inches. 

•BVgAwPT.WA  SOB  PjucncB. 


Strain  allowed 

Tbidknen  of  Lerer. 

Weii^t. 

Length  of  Lew  Am 

iliM.;  Depth 

Vo. 

in  lbs. 

Inches. 

Tons. 

tninohee. 

at  the  Falonmu 

I. 

4500 

«J 

«4 

28 

25-86  in.  nrly. 

a. 

7000 

3 

ao 

3a»5 

ao-3»       n 

3- 

8000 

3i 

a8 

36 

»»'99       w 

4- 

9000 

4 

30 

a? 

»7-39        If 

5- 

7J[oo 

2j 

18 

VS 

i8*i'4        „ 

6. 

5500 

I* 

6 

H 

»5-3«6      M 

326.    To  find  fhe  transyerse  strength  of  a  beam. 

Ex.  I.    What  weight  will  be  required  to  break  a  beam  of  English  oak  supported  at  one 
end  and  loaded  at  the  other;  lengUi  9  feet,  depth  11  inches,  breadth  3  inches. 

n  .     /  ^      Constant  x  breadth  x  depths      ^.  #  %      Constant  x  depth  x  area  of  cross  section 
^*^'  (0        L^i^th *^'  V*'        L^ith 

KoTB, — ^The  constant  for  English  oak  is  1672,  and  is  the  transverse  strength  of  English 
oak  I  inph  aquarei  or  i  inch  in  section,  and  12  inches  long. 


4o8*  QMetticna  rdaUng  to  Sirmmf  fc. 

Weight  required  =  '^^^^^"'  =  5619-7 

1672  X  3  (=  5016)  X  11'  (=  606936), 
. ' .  606936  -f"  108  =  5619*7. 

167a  X  II  (=  18393)  X  3  X  II  (uea of  oroM Motion)  =  606936 

.*.  606936 -f- 108  =:  5619*7. 

If  the  weight,  instead  of  being  suspended  from  the  eoEtremity  of  the  beam,  was  diafai- 
bnted  uniformly  along  its  length,  it  would  sustain  twioe  the  weight  that  it  does  wfaeo 
loaded  at  the  extremity.  If,  in  the  above  oase,  the  load  were  distributed  along  its  lengthy 
it  would  be  5619*7  X  2  =  11 239 -4  lbs.  required  to  break  the  beam. 

Bat  the  weight  of  the  beam  itself  oonititoUa  a  part  of  the  weight  it  has  to  reaiaL  Hm 
weight  of  the  beam  in  this  case  is  about  1 25  Ibs„  because  11X3X108  =  3564  cubic  inehes 
in  ^e  beam,  and  ffff  =  2*0625  cubic  feet  in  the  beam. 

Then  aocordiog  to  the  specific  gravity  of  bodies,  the  weight  of  a  oubiofoot  of  'Bi-g^Sfh  oak 
is  60*625  lbs.,  and  60*625  X  2*0625  =  125*039  lbs.  Subtract  half  the  weight  of  the  beam 
itself.  Then,  the  weight  that  the  beam  would  boar  in  addition  to  half  its  own  weight  in 
the  case  of  being  loaded  at  its  extremity,  would  be  5619*7  —  62*5  =:  5557*2  lbs.  Unifetiiily 
distributed,  11239*4  —  62*5  =r  1x76*9  lbs.  If  a  beam  is  fixed  at  botti  ends,  and  loaded 
in  the  middle,  it  will  sustain  four  times  the  weight  as  when  fixed  at  one  end  and  loaded  aft 
the  other.  The  weight  that  may  be  safely  placed  upon  a  beam  is  one-third  its  breaking 
weight  for  a  steady  load,  and  one-sixth  for  a  moving  or  suddenly  applied  load,  and  in  the 
case  of  timber  bearers  that  have  to  bear  a  permanent  load,  should  not  be  more  than  one* 
tenth,  in  order  to  allow  for  the  effect  of  decay. 

325.  On  Torsion  StrainB. — Qiyen  the  maximum  strain  per  square  inch  to 
be  allowed  on  iron,  it  is  required  to  find  what  pressure  may  be  applied  at  the 
end  of  a  crank  to  be  transmitted  by  a^shafk,  the  length  of  crank  and  diameter 
of  shaft  being  given. 

The  strength  of  a  cylindrical  bar  to  resist  torsion,  or  its  moment  of  resistance  to  torsioB 

is  equal  to  the  cube  of  its  diameter  multiplied  by  the  maximum  strain  per  square  inch 

divided  by  5*1. 

Let  P  =  pressure. 

L  =  leverage  of  crank. 

D  =  diameter  of  shaft. 

S  =  maximum  strain ;  then, 

randD  =  t/^^^ 

RULE  OXXXVI. 

I  ^.  Multiply  the  euhe  of  the  diamet&r  of  shaft  hy  the  maximum  strain  por  $qumr§ 
inch  fin  pounds). 

2^    Multiply  the  length  or  leverage  of  crank  by  ^'i. 

3^  Divide  the  product  found  by  No.  i  by  the  result  obtained  ^  No.  2 ;  the 
quotient  is  the  pressure  that  may  be  applied  at  the  end  of  the  crank. 

EXAKPLES. 

Ex.  I.    If  the  maximum  strain  to  be  allowed  on  iron  be  taken  as  50000  pounds  per  aqnara 
inch:  what  pressure  may  be  applied  at  the  end  of  a  crank  16  inches  long  to  be 
by  a  shaft  10  inches  diameter  P    (The  torsional  strain  only  to  be  taken  into  account). 
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p^^    IO>  X  50000    10  X  10  X  10  X  50000  ^  1000  X  gOOOO    gOOOOOOO    ^  y^ 

612745-11  lb8.  -r  an®  =  ^lYSS  tons. 

10 
10 

5'i  

16  100 

—  10 


306  — 

51  1000 


8r6 


50000 


81*6)50000000(612745*11  lbs. 

1040  2240)6i2745'i  i(273'55  tOM. 

816  4480 

2240  1^74 

1632  15680 


6080  7945 

57i»  •V'o 


3680  I 225 I 

3264  11200 


Qrtfiiii:^ 


4160  10511 

4080 

800 
816 

840 


Sipee  by  gmaial  IbimaU  above,  P  X  leyerage  ^   *  ^ri^ 


.  * .  preMve  =  9803921*5,  &o.,  -f*  16  =  611745*11  Ibfl.  =  273*5  ^°** 

Ez.  2.  If  the  maximnin  itrain  to  be  allowed  on  iron  be  taken  as  6000  lbs.  per  aqoare 
iqdb:  w)\at  prennre  may  be  applied  at  the  end  of  a  crank  21  inobea  long  to  be  transmitted 
by  a  rffiaft  1 3  indhes  diameter  P    (The  torsional  strain  only  to  be  taken  into  aooonnt). 

Pressure  =  UiiliSS?  =  13x13x13x6000      zi^^j^^      ijiHooo      „    g,.,     „^ 

5*1  X  11  5*1  X  21  5*1  X  »i  io7*x  *'*j"«»»  *i*  *wp. 

193081*232  lbs.  -r  2>40  =  54*94  tons.    Amwmr, 

ExAyPTM   SOB  F&IOIIGB. 

In  each  of  tike  Ibllowiiig  examples  giyen  the  stnun  pet  square  inohi  length 
of  oranky  and  diameter  of  shafiti  to  find  the  pressure  to  be  applied  to  the  end 
of  the  crank. 


:  Preesnre  to  be  applied 

No.       Strain  per  sq.  in.  Length  of  oraiik.  Dia.  of  diaft  to  end  of  onuik. 

I.              4500  15  inches.  8  inches.  13*4454    tons. 

a.               7000  *'     ••  '4i    »>  93*^34^5     it 

3.  9000  15     „  9      „  38*28781     n 

4.  6500  20     „  14^    „  8672996     „ 

5.  5400  «^      n  '4     n  I3»*7«"S      n 

6.  7400  «7     I,  9      ».  a7*77743     n 
QOa 


410  QueiUoHs  rtiUrimg  to  Sirmm^  fp. 


Ex.  I.    If  the  maximnm  strain  allowed  on  iron  be  taken  ai  51510  lbs.  per  sqnaie  inch 
what  should  be  the  length  of  a  lever  arm  to  support  1}  tons  at  the  aztxemity,  tba 
being  i\  inches,  and  depth  at  the  falcmm  1}  inches  P 

The  general  formula  as  before  is  W  X  L  =  ^^y  ^* 

In  this  instance  all  the  terms  are  known  but  the  lersfage,  henoe^ 


.    T  B  X  D»  X  8 


Leyerage  =  ^^^Xt^)^xT  =  ^W  =  i9-9«.  «»., inches, or  20 inohM, nettriy.    Am. 

Otherwise: — 

i  (51520  =  2-5  X  2-5  X  1*25)  =  (1-5  tons  X  2*40)  X  lenmige 
=  67083-33  =  3360  X  leverage, 

. ' .  leverage  =:  ^H<^  =  i9'96»  fto.    Antwtr. 

Ex.  2.  A  lever  20  inches  long,  i^  inches  thick,  and  2|  inches  deep:  what  waifl^  mi 
be  placed  at  the  end  of  the  lever  to  be  equal  to  a  strain  of  51520  lbs.  P 

Here  J  (51520  X  1*25  X  *'5*)  =  weight  X  »o 
=  ^7083*33  -7-  20  =  3354*i6  lbs.,  the  weight, 
and  3354*16  lbs.  =  1*5  tons  (nearly).    Antwrnr, 

327.  Giyen  the  diameter  of  piston,  steam  pressure,  length  of  orank,  and 
diameter  of  shaft,  to  find  the  strain  per  square  inch. 

^  Where  Sis  the  strain  in  lbs.  per  square  inch  seotton  of  ahaft;  W 

Formula  8  =  ^''^,       is  the  weight  on  crank-pin;   /  is  the  leverage;  and  4  is  the  dia- 
meter of  the  shaft. 

Queitian.^The  piston  is  47  inches  diameter,  steam  pressure  21  lbs.  per  square  ineh,  length 
of  orank  18  inches,  diameter  of  shaft  9  inches :  what  is  the  strain  per  square  inoh,  and  fa 
the  shaft  strong  enough  P 

strain  =  5-.  x  47'  x^-7854  x  «  lb.,  x  .8  ^  j^^,.^,^^  ^  ^^ 
And  as  this  is  less  than  5000  lbs.  it  shows  that  the  shaft  is  strong  enough. 

328.  The  strong^  of  cylindrical  bar  against  bending  is  one-half  of  its 

streng^  against  torsion. 

Let  W  =  weight  of  propeller. 
L  =  leverage. 
D  =  diameter  of  shaft. 
8   :=  magjmum  strain. 

ThenWXL  =  5^  .'.  B  =  ^  ^g,>^ '^ 

AndD  =  C/^^^;p^ 

EXAICFLES. 

Ex.  r.  What  is  the  maximum  strain  per  square  inch  on  a  screw-shaft  due  to  the  ove^ 
hang  of  a  propeller  weighing  3*75  tons,  the  centre  of  weight  being  15  inches  from  the  JMiiiil 
of  support,  and  the  shaft  being  9  inches  diameter  P    (Keglectiog  the  shearing  strain). 

Maximum  strain  =  ^^  ^  '^  ^  ^^  ^,^^' 

^^^  9»  e  (9  X  9  X  9) 


QuHiiam  r&laUng  to  8tr(m$f  S^i  41 1 


Weight  of  propellear  3*75  tons.                     729)  12852000(1762-9  Or  thus : — 

1240  Ibf.  =  1  ton.               729  /  9)1285200 

1500                                     5562  729 }   9)142800 

750                                       5103  I       ,    ^  ^^ 

750                                           V     9)»5866-6 

4590  

8400*00  Iba.                            4374  1762*9  Ibe. 

15                                            

— -  Dia.  9  in.  2160 

420  9  1458 


84 


81  7020 

116000                        9  6561 

io*»                        —  — 
—              D*  =  729  inohofl. 

1260  .^iM.;  Maximum  strain  1762-9  Um. 

1285200*0 

Othendn^tluiB:— 

5!-L?  =  W  X  L  =  ^  =  (224o  X  3-75)  X  15  =  »6ooo. 

• ' .  B  C3  126000  X  >o*i  -^  9*  =  1285200  "T-  729  =  1762*9  lbs.,  mazimum  strain.    Am* 

Bz.  a.  What  Is  the  maTimnm  strain  per  square  inch  on  a  sorew-shaft  dne  to  the  orer- 
haog  of  a  p:apeller  weighing  3*6  tons,  the  oentre  of  weight  being  1 1  inches  from  the  point 
of  sapporti  and  the  shaft  being  9^  inches  diameter  P    (Neglecting  the  shearing  strain). 

2240  X  3*6  =  S064  X  II  =  S8704  X  10*2  =  904780*8. 

9j»  =  9*25  X  9*»S  (=  H'S^^S)  X  9*>5  =  79«'4S3"5- 

904780*8  -s-  79«*453  =  "43"'9 1^^*- 

Of  tfanst—  '^T^  =  (3*^  X  aa4o)  X  "  =  88704« 

.'i  B  =  88704  X  10*1  =  904780*8  -T-  (9*25«  =)  791*453115  =  90478018 

-r  791*453  =  1143*19  1^    An&wfr^ 

TiTAlfFT.TIfl  lOB   PbAOTIGB. 

Ai^, :  lfs¥lTmiTn  stnln  par 
sg.  in.  on  Boraw  Shaft 

1178*9568  lbs. 

1016*704     „ 

2256*6         „ 

a398*4         »f 

I544*«         n 

Sz.  t.  A  sling  chain  when  lifting  a  4  ton  weight  forms  a  triangle  with  two  sides,  each 
5  fcet ;  the  base  is  6  feet,  and  the  height  of  triangle  is  4  feet :  what  strain  is  there  npon 
each  half  of  the  sling  chain  P 

8tr.in  =  52«!|^^^^«  =  4^J  =  f  =  ,i  ton.. 

Ex.  2.  A  sUng  chain  when  lifting  a  6  ton  weight  forms  a  triangle  with  two  sides,  each 
9  feel ;  the  base  is  6  feet,  and  the  height  of  the  triangle  7}  feet :  what  strain  is  there  upon 
each  half  of  the  sling  chain  P 


No. 
I. 

▼flii^t  of  fropaUer. 
4*3  tonn 

Oentn  of  Weight, 
flinches. 

Dia.  ofShafI 
10  inches. 

1. 

»'94  n 

"i 

M 

9i    >f 

3* 
4. 
5* 

3       » 
5       n 

3i     n 

Tods  owt.  qn.  lbs. 

14 
18 

»3 

$9 

9      » 
9i    » 

6. 

3     6     a    17 

»7 

n 

II    » 
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Oft^l..  —  Wgig^t  X  length  of  aida  _  6x9  —  54  —  ,.c  Iabm.  B^lr 

on™  =    ^  twice  h^ht         -  7n^  ""  x'g  —  3  ^  *^*^  neMPiy . 


7*  =  7*7S  6 

a  9 


15-50  '5'5)54o(3'5  nearly. 

465 
.^Iiw . :  3}  tona,  meulj. 

750 

EzAlfPLBS   FOB  FbAOTIOI. 


No. 

Weight. 

Side  of 
triangle 

Base  of 
triangle. 

Height  of 
triiuigla. 

eM&halforaU^akiii. 

I. 

SitoilB. 

7  feet. 

S\  feet. 

6ife0t 

1*73  too%  Bfltdj. 

a. 

»*     ., 

5i  >f 

7       n 

4      •) 

«-«9          »> 

3- 

4i    „ 

»o    ., 

6i   ,, 

9i    f> 

»"M          » 

4. 

>t       M 

5       M 

Si    „ 

4     f> 

«•?»          ft 

To  find  the  weight  neeesBaiy  to  break  a  stud. 

Be  I.    If  it  take  480  Uw.  at  a  leverage  of  12'  to  break  a  etiid  i'  dladMler :  Utal  wri^ 
wonld  be  neceeBary  to  break  a  atnd  i"  diameter  at  a  length  of  15^? 

if    :     12^    ::    480  Ibe.    :    m 

12 

I  5)5760 

M)"5» 

384  lbs.  to  break  i'  stud. 

Sinoe  the  strainfl  are  in  proportion  to  the  oabee  of  the  diametfira,  therefore^ 

:    i-'Cs^")    ::     3*4 
I    :     -125    ::     384 

4608 

48*000  Ibfl.    Ammt. 


•h 


PEIOTION. 

329.  Friction  is  the  reeistanoe  experienced  when  one  body  is  robbed 
i;ipon  another  body.  '<  When  motion  in  opposite  directions  ia  gxven  to 
smooth  BurfEuyes,  the  asperities  of  one  sorfleuw.  most  monnt  upon  those  of  As 
other,  and  both  will  be  abraded  and  worn  away,  in  which  eel  power  wQt  be 
expended.  The  firiotion  of  smooth  rubbing  sabstanoes  is  lees  when  flie 
composition  of  those  substances  is  different  than  when  it  is  the  same,  the 
partides  being  snpposed  to  interlock  less  when  the  opposite  promlneitoee  or 
esperitiss  are  not  coincident." 
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(i)  Friction  does  not  increase  with  the  extent  of  the  rubbing  snrfaceSy  and 
80  long  as  there  is  no  violent  heating  or  abrasion,  the  friction  is  simply  in 
the  proportion  of  the  pressure  keeping  the  substances  together,  or  nearly  so. 
It  is,  therefore,  an  obvious  advantage  to  have  the  bearing  surfaces  of  steam 
engines  as  large  as  possible,  as  there  is  no  increase  of  friction  by  extending 
the  surface,  while  there  is  a  great  increase  in  their  durability. 

(2)  ''Friction  does  not  increase  with  the  velocity  of  the  rubbing  body,  if 
the  friction  over  a  given  amount  of  surface  be  considered,  but  it  increases  as 
the  velocity,  if  the  comparison  be  made  with  the  time  during  which  the 
friction  acts.  Thus  the  friction  of  each  stroke  of  a  piston  is  the  same,  whether 
it  makes  20  strokes  in  the  minute  or  40 ;  in  the  latter  case,  however,  there 
are  twice  the  number  of  strokes  made,  so  that,  though  the  friction  per  stroke 
is  the  same,  the  friction  per  minute  is  doubled.  The  force  expended  in  over- 
coming friction  varies  with  the  nature  of  the  rubbing  bodies." 

330.  The  Co-efficient  of  Friction  is  a  certain  fraction  which,  when  multi- 
plied by  the  normal  pressure,  gives  the  friction. 


Ex.  I.  If  the  co-efficient  of  friction  be  -07  of  the  prewnre,  what  hone-power  is  expended 
on  the  friction  of  a  thnut  bearing  with  5  collars,  the  mean  diameter  of  the  collars  being  15 
inches,  the  shaft  making  49  revohitioni  per  miiinte»  and  the  average  pressme  being  10  tons  P 

Here,  although  there  are  5  collars,  we  lake  the  friotkm  as  being  oonoentrated  on  i  collar 
only. 

Total  pressure  on  collars  =:  10  tons  X  2140  ==  22400  lbs.  The  drag  of  friction  ^ 
22400  lbs.  X  '07  r=  1568  lbs.  Bubbing  sur&oes  in  feet  ^  15  X  3*1416  -=-  12  =  3*927. 
Foot  pounds  =  3*927  x  1568  =  6157-53. 

Horse-power  expended  =  ^'^'^^  ^^  =  9*143. 

I  ton  ^  2240  lbs.  3*1416  Bubbing  sur&ces  in  feet    3*927 

Pressure  10  tons.  15  Drag  of  friction  1568 

Total  press,  on  collars    22400  lbs.  157080                                                     3i4<6 

Oo-eAoient                         '07  31416  23562r 

—  19635 

Drag  of  friction  =      i568*oolbe.  I2)]4.7*n40  3917 


Bubbing  sur&oee  in  fset   3*927  Foot  pounds  6157*536 

To  find  horse-power  expended. 

Foot  pounds  6157-536 

49  revolutions. 

55417824 
24630144 

3,000)30719-264 
33,000  ■ 

11)100-573 


9-143  horse-power. 


4t4  Qii$iU(m9  relating  to  Strmm^  ^ 


Ex.  2.  If  the  drag  of  firiotion  be  '25  of  the  preesnre,  irfa«t  horee-power  is  ezpeadad  ia 
the  friotion  of  a  thrust  bearing  with  5  coUan,  the  mean  diameter  of  the  ooUaxb  boiiig  10 
inchee,  the  shaft  making  60  revolutionB,  and  the  arerage  preesnre  being  7^  tons  f 

7*5  tone  =  TS  X  1240  =  16800  Ibi. 

The  drag  of  friction  ==  ^^  =  4200  lbs. 

4 

Non.^To  divide  by  4  is  eqniTalent  to  mnltij^ying  by  '25. 

Then  the  H.P.  expended  would  be  ^  ^11^^^  ^  ^  =  ^^^  =  '^'^*  °^' 

FiTAMPLIM  FOB   PbAOTIOI. 


No.  of 

Dia.of 

PVMBII] 

Ko. 

DiagofFiiottoa. 

OoUan. 

OollAit. 

Tons, 

I. 

•I 

6 

17 

66 

12 

2. 

*ll 

8 

«7 

44 

6 

3. 

i 

6 

12 

3« 

9 

4. 

A 

8 

14 

69 

11 

5- 

•09 

7 

18 

62 

7 

6. 

A 

4 

18 

75 

5 

7. 

•06 

3 

«9 

«3 

8 

»r9» 

«-n3 

8637 

11*802 

"•494 

3-74« 
io*ai 

Ex.  I.  If  the  drag  of  friotion  be  '07  of  the  whole  preetore^  and  if  the  pcemntt  of  the 
oonneoting-rod  on  the  orank-pin  be  uniform,  what  per  oentage  of  that  is  lost  by  frkftioii  on 
the  crank-pin,  the  stroke  being  36  inches,  and  the  diameter  of  the  orank-pin  10  inches  f 


IHstance  trayelled  by  piston  in  one  terolntion  £=  72  ii 
(^roumferenoe  of  crank-pin  =  3*1416  X  10  :=  31*416  inches. 
Ratio  of  distances  =  ^^  s  -4363> 

Batio  of  power  lost  on  orank-pin  r=  '43633  X  *07  =^  '030543i* 
Per  oentage  ==  Batio  X  100  =  '030543  X  too  =3  3*0543.    Am. 

Or,  thus: — 

Work  done  by  the  pressure  on  the  piston  during  one  revolution  may  be  egpwed  by  the 
finmula. 

Work  done  =  P  X  twice  the  stroke  Z3  P  X  7a  inches. 
And  work  done  by  the  friction  in  one  revolution  b=  P  x  '07  X  (3*1416  X  10)  =  2' 1^12. 

31416 


3«*4«^ 
•07 


2'i^tao 
Then,  as Px  7s    :    P  X  a'19912    ::    100    :    percentage. 

2*19912 
100 


8)219*91200 
9)27*48900 


3*0543  per  oentage. 


Quatiam  fdiUmg  io  StramSf  fc.  415 

Ex.  a.  If  the  drag  of  friction  be  *o8  of  the  presfore,  and  if  the  preaBure  of  the  oonneotfaig- 
rod  on  the  crank-pin  be  uniform :  what  per  oentage  of  that  is  loat  by  friction  on  the  crank- 
pin,  the  stroke  being  38  inohea,  and  the  diameter  of  the  orank-pin  la  inches  P 

(i).  Distance  travelled  by  the  piston  in  one  rerolntion  (38  X  2}  =  7<{  inohea. 

(a).  Cfircomferenoe  of  pin  =:  3*1416  X  n  =  ZT^^*  * 

(3).  Batio  of  distances  s=  ^2^  -=  .4960. 

(4).  Batio  of  work  lost  s^  '4960  X  '08  s=  '03968. 
(5).  Per  oentage  cr  '03968  X  loo  &=  3*968. 

(i)  Stroke    38  (a)  3*1416 

a  Diam.        la 


Distance  trayeUed  by  piston  76  inches.  Dis.  travelled  by  cir.  of  pin  37*699a  inches. 

(3)  76)37-699»("49^  (4)  '49^ 


304 


08 


719  Batio  of  lost  work  '039680 

684 

459  (S)     -039680 

456  i«> 

30  Per  centage  3-968000 

Or  thus :  work  done  by  the  pressure  on  the  piston  during  one  rerdntion 

=  P  X  twioethestroke  =  P  X  (38  X  a)  =  P  X  76. 

Work  done  by  the  friction  in  one  revolntion 

=  P  X  -08  X  (3'«4«6  X  ")  =  3'o»S936. 

Then,  as  P  X  76    <    P  X  3*015936    2 :    100    :    3*968  per  cent 
Whence,  per  centage  lost  =  V^^  ^  ^^  ^  ^  >^ '<^  =  3.968. 

3'i4«6  3'o»5936 

I»  lOD 


37'699a  76)3or5936oo(3-968  per  cent. 

•08  aa8 


3015936  735 

684 

456 

li 
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Drag  of  Dfauneter  of  Ant, :  For  MntaM  of 

Vo.  FH^on.  Stroke.  Onunk-pin.         Power  lost  by  fHoBon. 

I.  'I  40 inches.  17  inches.  6'&js 

a.  *o68  36     9,  16 

3.  '09  34     p>  9 

4.  A  44    .»  »8 

5-  '03  4»      n  »4 

6.  -09  33     „  9 

7.  •"  48     „  *o 
«.                       06  4a     ^  15 


f  4*7473 

.  3*74»a 

a*oo8 

15708 

3-8555 

f  7'999 

3*3666 
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ON  THE  MECHANICAL  POWEKS. 


331.  The  mechanical  powers  are  the  elements  by  the  oombinatums  of 
which  are  formed  all  the  yarieties  of  machines  for  enabling^  a  <»>n^lfff  foM 
to  keep  at  rest,  or  put  in  motion,  a  larger  weight,  or  to  OYeroome  a  greater 
resistance. 

332.  Def. — ^The  force  which  is  applied  to  any  machine  to  sastain  or  raise 
any  weight,  or  to  produce  any  other  desired  effect,  is  called  thepowtr. 

333.  The  mechanical  powers  are,  in  fact,  but  three  in  numbeir — the  fawri 
the  inolinsd  plane^  and  oardt ;  but  it  has  always  been  customary  to  add  tD 
these  the  toheel  and  axU^  the  fo$dg$^  and  the  terew. 

Oords,  as  a  mechanical  power,  are  usually  denominated  pulleys,  firom  their 
being  passed  roimd  pulleys  to  change  their  direction. 

334.  Def. — Forces  are  said  to  balance,  or  to  be  balanced  about  a  point  or 
axis,  when  they  keep  a  rigid  body  at  rest  about  the  point  or  axis. 

335.  De£ — A  lever  is  a  rigid  rod,  moyable  in  one  piano  about  a  fixed 
point,  and  acted  upon  by  forces  which  tend  to  turn  it  round  the  point. 

336.  Def. — The  fixed  point  about  which  the  leyer  is  movable  is  called  the 
fulcrum^  or  centre  of  motion. 

337.  De£ — ^The  portions  of  the  lever  between  the  fulcrum  and  the  pointi 
upon  which  the  forces  are  impressed  are  called  the  arms  of  the  lever. 

The  lever  will  be  supposed  to  be  without  weight,  and  the  forces  impressed 
upon  it  to  act  in  the  plane  in  which  it  is  movable,  unless  the  contrary  be 
expressed. 

338.  Def. — The  product  of  the  numerical  representatives  of  the  magnitude 
of  a  force  and  the  perpendicular  let  fall  upon  its  direction  from  any  fixed 
point,  or  centre  of  motion,  is  called  the  moment^  of  the  force  about  the  centre. 

THE  LEVEE. 

Let  P  W  be  a  rod  or  lever  taming  upon  the  fnlorum  or  oentre  F.  P  and  W  are  weighti 
which  balance  each  other,  or  maintain  the  lever  in  eqnilibrimn ;  then,  when  this  ib  the  oaie^ 
P  X  PF  =  W  X  WF;  that  is,  tho  units  of  weight  in  P  mnltiplied  by  the  nniU  in  iti 
distance  from  F,  will  be  equal  to  the  units  of  weight  in  W  multiplied  by  the  units  In  its 

distance  from  F.     Here  P  is  called J? 

the  power,  and  W  the  weight  or      |  A  I 

resistance,  and  a  mechanical  advan-      P  W 

tage  is  gained,  inasmuch  as  a  small  weight  or  pressure  is  used  to  balance  a  greater  one. 
The  product  of  any  weight,  by  its  distance  from  the  centre  of  motion,  or  fulcrum,  is  called 
the  moment  of  that  weight  (Def.  No.  338},  and,  therefore,  when  the  sum  of  the  momeats 
tending  to  turn  the  lever  in  one  direction,  is  equal  to  the  sum  of  the  moments  tending  to 
turn  the  lever  in  the  opposite  direction,  then  the  lever  will  be  in  equilibrium. 

Or,  the  power  and  weight  are  reciprocally  as  the  distance  at  which  they  act,  and  therefbra 

P    :     W    ::    WF    :    PF 

For  instance,  if  WF  is  one  quarter  of  PF,  then  P  must  be  one  quarter  of  F. 

NoTB. — ^Tbe  weight  is  often  called  the  retittance, 

*  The  moment  of  a  force  is  so  named  because  it  measured  the  vah^  of  the  force  jbi 
balancing,  or  ftssisting  to  balance,  other  forces  about  the  centre  of  motion. 


I 
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339.  Leyers  are  sometimes  divided  into  three  classes,  aocording  to  tbe 
position  of  the  points  of  application  of  the  power  and  the  weight  with  respect 
to  the  fulcrum.  In  the  first  class  the  power  and  the  weight  act  on  opposite 
sides  of  the  fulcrum.  In  the  second  class  the  power  and  the  weight  act  on 
the  same  side  of  the  fulcrum,  the  weight  being  the  nearer  to  the  fulcrum. 
In  the  third  class  the  power  and  the  weight  act  on  the  same  side  of  the 
fulcrum,  the  power  being  the  nearer  to  the  fulcrum.  Hence  we  may  say 
briefly  that  the  three  classes  of  levers  have  respectively  the  fulcrum,  the 
weight,  and  the  power  in  the  middle  position. 


I.— LEVEES  WITHOUT  WEIGHT  IN  THE  BEAM. 
340.    The  First  Kind. 

Fig.  125. 
A 6in 0 ain. B 


I  A  I 

t  t 

P  =s  6  lbs.  W  e  10  Ita. 

P  :     W     :  :     BC     :     AC 


From  which  we  have, 


or  6     :      9  2  6 


T>  _  Wx  BC  _  18  X  2  _  ^ 

xtT        PxAC 6x6 « 

^  =  nBC~—      a      —  '* 

*n WxBO 18  xa ^ 

andB0  =  ^-^='-^=2 


A  erow  bar,  a  claw  hammer,  the  handle  of  a  common  pmnp,  a  pair  of  aoissom,  a  fixe 
poker,  &c.,  belong  to  the  first  kind  of  lever. 


341.    The  Seoond  Kind. — ^It  is  best  to  resolve  the  second  and  third  kinds 
of  levers  into  the  first  kind,  for  whether,  in  the  following  figureSy  a  force 

Fig.  126. 

P  B  5  IbB* 

4  OB 

I 81n X aln 


W  e  15  lb». 


Resolved  into  the  first  kind,  thus :~ 

Fig.  127. 


8  in. 


A 


♦ 


P«5lbs.  W  =  aolb«. 

dmws  downwards  with  a  force  of  25  lbs.  at  C,  or  with  a  force  of  25  lbs.  at  a 
distance  equal  to  BC  beyond  the  fulcrum  of  the  lever  produced,  as  at  6  (iSr 

UUH 


4i8 
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the  resohed),  will  not  Bignify,  so  that  we  are  carefdl  to  reveirBe  the  direc&B 
of  the  power  also.  In  like  manner,  if  we  reyerse  a  sig^  in  an  equation^  we 
must  reverse  all.  By  doing  so  in  this  case  we  resolve  the  second  land  into 
first,  as  under.    Using,  therefore,  the  formula  for  the  first  (340)  we  say 


W 


•  ■ 


be 


ae 


or  5     :     25    : :     a     :    10 
.'.  P  X  aj  =  WX  be 

andP=^^5^*^  =  ?V^  =  5. 

Of  this  kind  is  the  oar,  the  blade  being  the  momentary  fulcraniy  the  cnttoh 
representing  the  place  of  the  weight,  and  the  hand  the  power,  the  rod  of  tbe 
safety-valve,  &c. 

342.  The  Third  Kind. — ^In  this,  when  resolving,  we  have  only  to  inter- 
change the  letter  P  and  W,  calling  the  power  weight  and  the  weight  pfnoer  fax 
the  occasion.  That  is  to  say,  in  the  first  figure,  that  which  stands  at  A  as 
W  =  5  lbs.  will  be  altered  in  the  second  figure,  at  a,  to  P  =  5  lbs. ;  and 
that  which  in  the  first  stands  at  0  as  P  =  25  lbs.  will,  when  resolved  in  the 
second  figure,  be  W  =  2  ^  lbs. 


Fig.  ia8. 


8  in. 


P  s=  as  Ibd. 

c  + 


lin. 


VB 


W  =  5  Ibe. 


Resolved  into  the  first  kind,  thus : — 


Fig.  129. 


Sin. 


P  9  5  IbB. 

It  will  be  evident  that  the  positions  of  the  actual  forces  themselves  will 
not  be  altered,  hut  only  the  letters  change  places  in  order  to  bring  all  levers  under 
the  one  formula  given  at  (340)  for  the  first  kind;  for  it  is  quite  immaterial 
whether  a  weight  of  say  25  lbs.  draw  upwards  at  c,  or  downwards  at  an 
equal  distance  beyond  the  fulcrum  at  3,  provided  we  reverse  the  fulcrum. 

The  definition  refers  to  the  designation  of  the  three  kinds,  and  not  to 
them  when  resolved. 
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Taking  again  the  formula  for  the  first  kind,  and  retaining  the  positions  of 
F  and  W  as  in  the  first  and  second  kinds,  although  really  reyersed  in 
signification^  we  haye  as  before  (340)  :— 

V    I    W    ::    be    :    ae 

or  5    :    25     : :     a     :    10 

•    p W  X  »c      *5xa_^ 

ae  xo  •'' 

ftc,  fto. 

343.  Sometimes  bent  levers  are  spoken  of  as  a  fourth  kind,  but  they 
differ  in  principle  in  no  respect  from  the  straight  leyer,  into  which  they  are 
easily  resolved  (see  Fig.  125),  the  line  a  A  being  the  direction  of  the  force. 

We  have  hitherto  considered  levers  as  acted  upon  at  right-angles  to  the 
bar;  but  when  the  forces  are  applied  to  the  end  of  the  lever  obliquelyi  we 
proceed  thus:— 

Pig.  130. 


PaSlbB.  WmioUm. 

Suppose,  in  the  above  figure,  the  power  be  applied  in  the  direction  AP, 
and  the  weight  in  the  direction  BW,  produce  the  line  Fa,  and  let  fall  a 
perpendicular,  ca,  from  the  fulcrum  upon  it ;  do  the  same  with  Wi,  and  thus, 
get  the  points  a  and  h. 

In  the  figure  we  may  suppose  o^i  to  be  a  bent  lever. 

Then,  in  the  bent  lever,  the  two  forces  are  inversely  as  the  arms  ea  and  eb; 
or,  as  again,  in  the  first  kind  (125) : — 

V    :    W    ::    be    :    ae 

or  8    :     10    ::   2'4  :     3 

.-.P  X  ae=iW  X  be 

andP  =  ^^^  =  *-^^=8Ib8. 
ac  3 

By  this  means  we  bring  all  levers  which  are  without  weight  under  a 
simple  and  single  equation. 

It  is  worthy  of  notice  that — 

In  the  first  kind  there  is  a  gain  of  power  when  the  power  is  less  than  the 
resistance  of  weight,  but  a  loss  of  power  when  the  power  is  neeeuartly  greater 
than  the  weight. 
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In  the  second  kind  there  is  always  a  gain  of  power,  beoause  the  power 
must  always  be  less  than  the  weight. 

In  the  third  kind  there  is  always  a  loss  of  power,  since  the  power  most 
always  be  greater  than  the  weight. 

EXAMPLBS. 

£z.  I.    What  power  applied  at  36  inches  from  the  falcmm  will  balance  a  weight  of 
300  Iba.  applied  at  8  inches  from  the  fulcrum  ? 

P     :     W     ::     8     :     36 

p=Wxj        3000        600^^      ^^ 

'W  9  9 

9 
Or  thus :  W  X  8  =  P  X  36, 

.  • .  P  =  i*^®  =  ?^  =  66t  lbs.  as  before. 

Ex.  a.  How  tax  from  the  fulcrum  must  the  power  of  75  lbs.  be  applied  to  balance  a 
weight  of  300  lbs.  applied  at  9  inches  from  the  fulcrum  f 

300  lbs.  X  9  inches  =  75  X  distance, 

.  * .  distance  =:  '-5^-2L?  —  36  inches.    Antwtr, 

75 

Ex.  3.  What  weight  9  inches  from  the  fulcrum  can  be  balanced  by  a  power  of  75  lbs.  at 
36  inches  from  the  fulcrum  F 

W  X  9  =  75  X  36, 
. ' .  W  =  ^^-^  =  75  X  4  =  300  lbs.    Annoer, 

Ex.  4.  A  bar  la  feet  long,  resting  on  two  supports  A  and  B;  a*  weight  of  18  ewt  is 
hanging  fi^om  the  bar  at  a  distance  from  B  of  8  feet  6  inches :  what  weight  must  be  placed 
on  A  to  prevent  it  springing  ? 

A  being  the  shorter  arm  will,  by  the  principle  of  the  lever,  have  the  greater  weight  to 
sapport. 

Hence,  12  feet    :     8*5  feet  18  cwt.         x 

18 

680 
85 

>a)'53o 

11*75  cwt. 
And  since  this  weight  is  acting  at  a  distance  of  3  feet  6  inches  from  A,  we  have 

12-75  c^t-  X  35  =  44*625  cwt. 

Ex.  5.  An  air-pump  lever  has  a  weight  of  5  tons  at  a  distance  of  1'  4*  from  its  turning 
point :  what  would  be  the  weight  on  the  centre  bearing  when  the  other  arm  is  3'  i'  P 

j^ft.  I  in.         I  ft.  4  in.  5  tons         r 

Or,  37  in.  :    16  in. 

df  =  5-^=:2.,6tons. 
37 

Hence,  total  weight  =  54-2'i6=:7*i6  tons.    Atmoer. 
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Ex.  6.  In  a  lever  of  the  first  kind  the  long  arm  is  a  feet,  the  short  arm  3  inches :  what 
must  be  the  power  to  balance  a  weight  of  64  lbs.  P    Answer,  8  lbs. 

Ex.  7.    What  will  be  the  weight  in  Ex.  above  when  the  power  is  14  lbs.  P   Antwer^  i  cwt* 
Ex.  8.    How  far  from  the  fulcrum  must  a  power  of  7  lbs.  be  applied  so  as  to  balance  a 
weight  of  1 26  lbs.  placed  at  the  distance  of  s  inches  from  the  fulorum  P    Answer,  i  foot. 

Ex.  9.  In  a  lever  of  the  second  kind  W  =  ao  lbs.,  OB  =  5  inches,  and  AB  =:  25  inches  • 
required  P  (see  Fig.  126}. 

Here  P  X  25  =  W  X  20,  . '.  P  =  4  lbs. 

Ex.  10.  In  a  lover  of  the  second  kind  P  =  6  lbs.,  W  =  72  lbs.,  and  OB  ^  3  inches : 
required  AB. 

6  X  AB  =  72  X  3  =  36  inches. 

Ex.  II.  A  man  exerts  a  pressure  of  80  lbs.  upon  a  crow-bar  at  a  distance  of  4  feet  from 
the  fulcrum :  what  weight  will  he  balance  at  the  distance  of  4  inches  from  the  fulcrum  P 

W  X  4  =  80  X  48  =  960  lbs. 

Or  thus: — In  this  example  the  leverage  of  the  power  is  12  times  the  leverage  of  the 
weight,  for  4  feet  are  12  times  4  inches,  therefore  W  will  be  12  times  P ;  that  is,  W  =  11 
times  80  lbs.  =:  960  lbs. 

Ex.  12.  Required  W,  as  in  example  above^  when  the  pressure  of  60  lbs.  is  exerted  at  the 
distance  of  6  feet  from  the  fulcrum,  and  the  wei^t  W  is  at  3  inches.    Answer^  1440  lbs. 

Ex.  13.  What  is  the  mechanical  advantage  of  the  lever  in  the  last  example  P  Antwert 
24,  because  the  weight  is  24  times  the  power. 

344.  If  several  weights  hang  upon  a  leyer,  some  on  one  aide  of  the 
falcmm,  some  on  the  other,  then  there  will  be  an  equilibriimi,  when  the  sum 
of  the  product  of  the  weights  into  theiv  respeotiye  distances  on  one  side  is 
equal  to  the  several  products  of  weights  and  distances  on  the  other  side. 

For,  the  product  of  the  weight  into  its  distance  from  the  fiilcrum  F,  is  its 
mofMnt  about  the  point  F,  and,  therefore,  the  above  proposition  is  a  direct 
consequence  of  the  principle  of  the  equality  of  the  moments  of  any  forces  in 
equilibrium  about  any  fixed.point. 

345 .  When  t  W0|  threCi  or  more  levers  act  one  upon  the  other  in  successiony 
then  the  entire  mechanical  advantage  which  they  afiPord  is  found  by  takings 
not  the  9umj  but  the  product  of  their  separate  advantages.  Thus,  if  the  arms 
of  three  levers,  acting  thus  in  conneotiony  are  as  3  to  i|  4  to  i,  and  5  to  i, 
then  the  joint  advantage  is  that  of  3  X  4  X  5  to  i,  or  60  to  i,  ao  that  i  lb. 
wouldy  through  their  intervention,  balance  60  lbs. 

Ex.  14.  In  a  lever  of  the  first  kind  5  and  8  lbs.  are  placed  on  one  side  of  the  fulcrum  at 
the  distance  of  4  and  2  inches  respectively  frt>m  the  fulcrum :  required  the  power  P  acting 
at  the  distance  of  12  inches  from  the  fulcrum  to  maintain  equilibrium. 

The  efi^cy  of  the  5  lbs.  to  turn  the  lever  will  be  its  weight  multiplied  by  its  leverage, 
or  5  X  4 ;  ftQd  the  efficacy  of  the  8  lbs.  to  turn  the  lever  will  be  its  weight  multiplied  by 
its  leverage,  or  8  X  2.  Now  the  sum  of  these  two  moments,  or  tendencies  to  turn  the 
lever,  wiU  be  equal  to  the  moment  of  P,  or  P  X  12,  tending  to  turn  the  lever  in  the 
opposite  direction.    .'.  PXi2^5X4+^Xa;   •'.  P=3  Ihs. 
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Ex.  15.  In  a  combinaiioii  of  three  levers  of  the  first  kind,  with  long  armfl  9,  10,  and  11 
inches  respectively,  and  the  short  arms  3,  2,  and  4  inches:  what  weight  will  be  bftlaiioed 
by  a  power  of  5  lbs.  f 

ist,  5  lbs.  X  9  =  W  X  3 ;  W  =  15. 
and,  15  „  X  10  =  W  X  a ;  W  =  75. 
3rd,  75    „    X  ia=WX4;  W  =  aa5. 

or5lbs.X9XioXia=WX3XiX4. 
3       5         3 

.'.  w  =  ^  VxVx^  ^^  =  "^^^'   '^^'"^' 

Ex.  16.  In  a  combination  of  levers  of  the  first  kind,  the  long  arms  are  3,  3,  and5  fest 
respectively,  and  the  short  arms  4,  6,  and  12  inches  respectively :  if  a  preaBore  of  S  lbs.  be 
applied,  what  weight  will  bo  balanced  F    Afuwetf  3*8  tons. 

Ex.  17.    In  a  lever  of  the  third  kind  W  =1  a8,  AB  ^  20  inches,  and  OB  =  7  indiet: 
required  P. 

P  X  7  =  a8  X  20  =  560 

.•;  P  =  8olb8. 


346.    THE  PEINOIPLE  OF  WOEK  AS  APPLIED  TO  THE  LEVER 

Ex.  I.    Let  PF  =  5  feet,  WF  =  i  foot,  and  P  =  2  lbs. :  required  W.    See  Fig,  tiSt 

Now,  in  order  to  raise  W  one  foot,  P  mnst  descend  5  fdet,  becanse  PF  is  5  timei  WF^ 
henoe  we  have 

W  of  P  =  2  X  5 ;  work  of  W  =  W  X  i. 
.  • .  W  X  I  =  2  X  5,  and  W  =  10  lbs. 

lliis  result  is  evidently  the  same  as  that  which  would  be  obtained  by  the  preoeding 
method.  Assuming  the  equality  of  moments,  we  may  readily  establish  the  principle  of  the 
equality  of  work,  and  conversely. 

347.  It  will  be  evident  that  a  very  small  power  might  be  made  to  balance 
a  very  great  weight  by  using  a  suitable  lever,  that  is,  by  making  the  distance 
of  the  power  from  the  fulcrum  very  large,  and  the  distance  of  the  weight 
from  the  fulcrum  very  small.  But  machines  are,  in  general,  used  rather  to 
produce  motion  than  to  prevent  it ;  and  this  leads  to  a  very  important  remark. 
Suppose  in  Pig.  125,  page  417,  that  BC  is  one-third  of  AC,  then  when  there 
is  equilibrium  the  power  is  one-third  of  the  weight.  It  is  true  then  that  a 
force  just  exceeding  one-third  of  the  weight  will  be  sufficient  to  move  the 
weight,  but  on  the  other  hand  it  will  be  found  that  if  the  weight  is  to  be 
raised  one  inch,  the  power  end  of  the  lever  must  descend  through  three  inohee. 
Thus,  although  by  the  aid  of  a  lever  we  can  move  any  weight  by  a  force 
much  less  than  that  weight,  yet  the  force  must  be  exerted  through  a  distance 
which  is  greater  in  a  corresponding  degree.  This  important  principle  is 
found  to  apply  to  the  other  mechanical  powers,  and  to  combinations  of  them, 
and  it  is  usually  briefly  stated  thus : —  What  is  gained  in  power  ie  lost  in  epeei. 
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THE  WHEEL  AND  AXLE. 

348.  The  wheel  and  axle  is  one  of  the  simplest  and  most  useful  modifica- 
tions of  the  lever ;  it  consists,  as  its  name  expresses,  of  a  large  wheel,  or 
simply  spokes  fastened  perpendicularly  on  an  axle,  which  is  supported  by  two 
ring^  or  sockets  in  which  it  revolves,  which  act  as  fulcra,  and  must  sustain 
the  pressure  caused  by  the  resultant  of  the  power  and  resistance.  The 
power  is  applied  to  the  circumference  of  the  wheel,  and  the  resistance  to  the 
circumference  of  the  axle,  in  directions  at  right-angles  to  their  radii.  The 
annexed  figure  represents  a  cross  section 

of  the  wheel  and  axle,  in  which  OF  is 
the  radius  of  the  wheel,  OR'  the  radius  of 
the  axle,  and  P  and  W  the  power  and 
resistance,  both  acting  vertically  down- 
wards. It  is  evident  from  inspection  of 
the  figure,  VOIBI  may  be  considered  as  a 
lever  of  the  first  order,  having  its  fulcrum 
at  0,  and  the  weights  P  and  W  applied  at  its  extremities ;  and  in  order  that 
there  may  be  equilibrium,  P  must  be  to  W  in  the  same  proportion  as  OB'  to 
OF. 

If  the  wheel  and  axle  revolve  uniformly :  in  a  single  revolution  the  power 
F  passes  through  a  space  which  is  the  circumference  of  the  wheel|  and  the 
weight  or  resistance  W  passes  through  a  space  which  is  the  ciroumferenoe  of 
the  axle.    Hence 

Power  X  drcumference  of  wheel  =  weight  X  oiroamferenoe  of  axlo.    (i). 
Or,  Binoe  the  drcumference  of  oiroles  are  proportional  to  their  radii, 

Power  X  radios  of  wheel  =  weight  X  radios  of  axle.    (a). 
and,  power  X  diameter  of  wheel  ==  weight  X  diameter  of  axle.    (3). 

349.  We  now  proceed  to  consider  the  equilibrium  on  the  principle  of 
work.    While  the  wheel  makes  one  revolution,  the  axle  also  makes  one. 

In  one  torn  P  descends  a  space  =  a  X  OP  X  3*1416)  and  W  ascends  a  space  =  1  X 
OE'  X  3i4«6. 

.  • .  Work  of  P  in  I  revolotlon  X  a  X  OP  X  3'i4i6  X  P. 
Work  of  W  in  I  revolotion  =  a  X  OB'  X  3'i4i6  X  W. 

Then,  as  the  work  done  is  eqoal  to  the  work  applied  (abstracted  firom  firiofcion),  we  have 

a  X  OP  X  3'4«6  X  P  =  »  X  OB'  X  3i4»6  X  W. 
.•.PX0P  =  WX0E' 
which  is  the  relation  already  established. 

350.  The  circimiference  of  the  wheel  may  be  removed,  and  the  power 
may  be  applied  at  the  extremity  of  a  radius.  This  is  the  case  in  the  capstan, 
windlass,  and  other  machines ;  indeed,  to  this  power  belong  all  turning  or 
wheel  machines  of  different  radii.  The  windlass,  however,  has  more  than 
one  fixed  handle  for  the  convenience  of  working  it,  or  there  may  be  a  movable 
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handle  which  can  be  shifted  from  one  place  to  another.  In  the  capstan  the 
fixed  axis  round  which  the  machine  turns  is  vertical ;  the  hand  which  supplies 
the  power  describes  a  circle  in  a  horizontal  plane,  and  the  weight  is  some 
heavy  body  which  is  attached  to  the  axle  by  a  rope  passing  in  a  horizontal 
direction.  In  all  these  instances  the  power  being  to  the  weight  always  as 
the  radii  of  lever,  at  which  the  weight  acts,  to  that  at  which  the  power  actSy 
so  that  they  are  always  in  the  reciprocal  ratio  of  the  velocities. 

35 1.  But  all  this,  however,  is  on  the  supposition  that  the  ropes,  or  oords, 
sustaining  the  weights  are  of  no  sensible  thickness.  For,  if  the  thickness  be 
considerable,  or  if  there  be  several  folds  of  them  over  one  another  on  the 
roller  or  barrel,  then  we  must  measure  to  the  middle  of  the  outermost  rope 
for  the  radius  of  the  roller,  or  to  the  radius  of  the  roller  and  half  the  thick- 
ness of  the  cord  when  there  is  but  one  fold. 

EXAMPT.TW. 

Ex.  I.  Taking  tho  common  winch  as  an  example.— Let  diameter  of  circle  described  by 
the  handle  when  working  =  18  inches,  and  let  6  inches  :=  diameter  of  axle,  and  wci^t 
W  r=  240  Ibfl. 

Fig.  131- 
A  C  B 


P  W  =  240  Ibfl. 

If  on  a  straight  line  we  lay  off  AC,  as  above,  =  18  inches,  and  CB,  the  diameter  of  axle, 
=  6  inches,  and  W  ==  240  lbs.,  then  AB  represents  a  lever  of  the  first  kind  of  which  C  is 
the  fulcrum,  and  W  =  240  lbs. 

Then,  P    :     W    : :     BC  :     AC. 

or  P    :     W    ::    diameter  of  axle     :    diameter  of  wheel. 
P    :    240    ::    6    :     18, 

,  * .  P  =  ^^— g —  ^  80  lbs.    Anncer, 

Or,  since  W  X  diameter  of  axle  =  P  X  diameter  of  wheel  (see  No.  348  (3). 

240  X  6  =  P  X  18, 
.  • .  p  ^  ?4^6  _  g^  j^^     Amwer. 

Or  again :  work  of  W  in  i  revolution  =  240  X  6  X  3* '41^  (No.  349). 
„        P  in  I  revolution  rz  P  x  18  X  3*1416, 
.  • .  P  X  18  X  yi^i6  =  240  X  6  X  yi^i6,  and  P  =  80  lbs. 

Ex.  2.    The  handle  of  a  windlass  is  2  feet,  the  radius  of  the  axle  2)  inches,  and  the  power 
applied  80  lbs. :  required  the  weight  whidh  would  be  raised  were  there  no  firiotion« 
By  the  principle  of  the  lever : 

P  X  radius  of  wheel  =:  W  X  radius. 

80  X  2  X  la  =  W  X  ai, 
. ' .  W  =  1920  -7-24  =  768  lbs.     Annoer. 

By  tho  principle  of  work : 

Work  of  P  in  I  revolution  =:  80  X  4  X  3'i4i6. 
„        W  „  =WX  i*tf  X  3-'4i6, 

.*.  W  X  A  X  3-1416=80  X  4  X  31416,  and  W  =  768  lbs.     Amwer, 
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Ex.  3.  Sixteen  sailors,  exerting  each  a  force  of  29  lbs.,  push  a  capstan  with  a  lever  equal 
to  8  feet,  the  radius  of  the  capstan  being  i  foot  2  inches.  Calculate  the  resiHtance  which 
this  force  is  capable  of  sustaining. 

If  each  sailor  exerts  a  force  of  39  lbs.,  then  16  men  will  exert  a  force  =  29  X  i6z=i 
464  lbs. 

PX  8ft.  =  WX  ijft., 

Hence,  464  lbs.  X  8  ft.  =:  W  X  li  ft., 

.  * .  W  =  3712  lbs.  -^  li  =  3i8if  lbs.  =  I  ton  8  cwt  i  qr.  17^  lbs.    Antwer, 

Ex.  4.  In  this  last  example,  suppose  10  per  cent,  of  the  effort  be  lost  through  friction 
and  the  rigidity  of  the  cord :  what  would  have  been  the  weight  lifted  P 

Since  10  per  cent.,  that  is,  -j^  of  effort,  is  lost,  asd  ^  is  left, 

then,  A  of  I  ton  8  owt.  i  qr.  17  lbs.  =  i  ton  5  cwt.  i  qrs.  7  lbs.    Antwer, 

Otherwise,  A  of  464  lbs.  X  8  =  W  X  ij  ft. 

. " .  W  =  3340*8  lbs.  -f-  i  =  2863*5  1^*  =  '  ^^  5  cwt  2  qrg.  7  lbs.    Anawer, 

Ex.  5.  Supposing  (see  Ex.  3)  tbem  to  have  wound  the  rope  round  the  capstan  so  that  it 
doubles  back  on  itself^  the  radius  of  the  axis  is  then  increased  by  the  thickness  of  the  rope. 
If  this  be  2  inches,  how  much  will  the  power  of  the  instrument  be  diminished  P 

Radios  of  capstan  -f-  thickness  of  rope  ==  x  ft  2  in.  -f-  2  in.  ^  i  ft.  4  in.  =:  i^  ft. 

PX8ft.='W'XiJft 

464  X  8  ft  =  W  X  1}  ft., 
.  * .  W  =  3712  -r  t  =  2784  lbs. 

Power  of  capstan  for  radius,  i  ft  2  in.,  or  i)  ft  (Ex.  3)  =  31 81  lbs. 
„  „  I  ft  4  in.,  or  i{  ft.  =  2784  „ 

Difference         397 

LooB  o  power. 
3181  397     ::     100    :     P. 

Per  cent  of  loss  of  power  =  ^^^-^g^  =:  1 2*5.    Afmotr. 
Or,  ffifi  =  f ,  loss  of  power. 

392.  In  the  state  of  rest  the  wheel  and  axle  is  the  same  machine  with  the 
lever.  In  the  state  of  motion  the  leyer  is  the  most  simple  machine  for  over- 
coming a  large  resistance  through  a  small  distance ;  while  the  wheel  and 
axle  is  applicable  to  overcoming  resistance  or  raising  weights  through  any 
desired  distance,  a  new  lever  coming  into  existence  every  instant,  so  that  the 
power  always  acts  upon  these  levers  to  the  greatest  advantage. 

353.  The  Toothed  WheeL — ^It  is  frequently  necessary  to  communicate 
rotation  from  one  axis  to  a  parallel  axis,  and  there  are  various  methods 
by  which  this  can  be  accomplished.  One  of  these  methods  will  be 
here  considered.  Let  two  wheels  of  wood  or  metal  have  their  circum- 
ferences cut  into  equal  teeth  at  equal  distances.  Let  the  wheels  be  movable 
about  their  centres  and  in  their  own  planes,  and  let  them  be  placed 
in  the  same  plane  so  that  their  edges  touch,  one  tooth  of  one  circumference 
lying  between  two  teeth  of  the  other  circumference.  If  one  of  the  wheels  of 
the  pair  be  turned  round  its  centre  by  any  means,  the  other  wheel  will  also 
be  made  to  turn  round  its  centre.  Or  a  force  which  tends  to  turn  one  wheel 
III 
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round  may  be  balanced  by  a  suitable  force  which  tends  to  turn  the  other 
wheel  round  in  a  contrary  direction.  The  two  forces  may  be  Bupposed  to  act 
by  means  of  strings  on  axles  belonging  to  the  toothed  wheels. 

354.  The  conditions  of  equilibrium  is  somewhat  complex ;  the  reader  may 

take  it  as  verified  by  experiment.     When  there  is  equilibrium  an  m  pair  ef 

toothed  wheels  the  moment  of  the  power  round  the  centre  of  the  axle  must  heioUie 

moment  of  the  weight  round  the  centre  of  the  axle  in  the  same  proportion  as  the 

radius  of  the  power  wheel  is  to  the  radius  of  the  weight  wheel.    The  principle  of 

Art.  347  may  be  shown  to  hold  with  respect  to  this  machine. 

In  the  case  of  toothed  wheols,  when  one  of  these  wheels  revolres,  it  necessarily  eaoses 
the  other  wheel  to  revolve  also.  At  the  place  where  the  two  wheels  are  in  con^t  it  if 
dear  that  the  teeth  on  each  wheel  most  be  moving  with  the  same  velocity.  Suppose,  &r 
example,  that  10  teeth  on  the  small  wheel  pass  the  line  joining  the  centros  of  the  two 
wheels  in  one  minnte,  then  10  teeth  on  the  large  wheel  will  pass  the  same  line  in  one 
minnte.  Since  all  the  teeth  of  the  two  wheels  are  of  the  same  sixe^  it  appears  that  tlis 
number  of  teeth  on  each  of  the  wheels  will  be  proportional  to  its  oironmferenoe,  and  rinos 
the  oiroomferenoes  are  proportional  to  the  radii,  the  number  of  teeth  on  each  wheel  will  be 
proportional  to  its  radius. 

If  the  large  wheel  contains  44.  teeth  and  the  small  wheel  20  teeth,  so  that  when  20  teeth 
have  passed  the  line  of  centres,  then  the  small  wheel  must  have  made  one  revolution,  and 
when  44.  teeth  have  passed  the  line  of  centres,  then  the  large  wheel  must  have  made  <»ie 
revolution.  It  therefore  appears,  that  when  the  large  wheel  has  made  one  oompleto 
revolution,  the  small  wheel  must  have  made  44  -7-  20  revolutions,  and,  in  general,  have  tfaa 
following  result : — 

When  two  tooths  wheels  are  working  together  the  number  of  revolutiom  made  by  eaeh  qf  the 
wheels  in  a  given  time  is  inversely  proportional  to  the  number  of  its  teeth, 

355.  Sometimes  the  teeth  are  placed  on  a  straight  bar  instead  of  a  wheeL 
Such  a  toothed  bar  is  termed  a  raekj  and  the  wheel  in  contact  with  it  is  called 
Si  pinion, 

356.  The  Jack  used  for  lifting  great  weights  through  a  small  height  is  a 
rack  and  pinion.    The  handle  by  which  the  rack  is  raised  is  termed  a  winch. 

The  instrument  is  an  example  of  a  double  wheel  and  axle ;  the  winch  takes 
the  place  of  the  first  wheel,  the  lower  pinion  being  its  axle.  The  apper 
pinion  is  the  second  axle  and  supports  the  rack.  The  large  toothed  wheel  of 
the  upper  axle  works  in  gear  with  the  lower  pinion.  The  two  pinions  are 
usually  of  the  same  size. 

357.  By  increasing  the  number  of  wheels  too,  the  power  may  be  multi- 
plied  to  any  extent,  making  always  the  less  wheels  to  turn  greater  ones  as 
far  as  we  please,  and  this  is  commonly  called  tooth  and  pinion^  the  teeth  of 
one  circumference  working  in  the  rounds  or  pinions  of  another  to  turn  the 
wheel.  And  then  in  case  of  equilibrium,  the  power  is  to  the  weight  as  the  con- 
tinual product  of  the  radii  of  all  the  axles  to  that  of  all  the  wheels.  So  if  the 
power  F  turns  the  wheel  Q,  and  this  turn  the  small  wheel  or  axle  B,  and  this 
turn  the  wheel  S,  and  this  turn  the  axle  T,  and  this  turn  the  wheel  Y,  and 
this  turn  the  axle  X,  which  raises  the  weight  W ;  then 

P    :    W    : :     CB  X  DE  X  FQ    :    AO  X  BD  X  EF. 
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And  in  the  same  proportion  is  tlie  velocity  of  W  slower  than  that  of  P. 
Thus,  if  each  wheel  be  to  its  axle  as  lo  to  i,  then  P  :  W  : :  i  *  :  lo*,  or  as 
I  to  looo,  so  that  a  power  of  i  lb.  will  balance  a  weight  of  looo  lbs. ;  but 
then,  when  put  in  motioUi  the  power  will  move  looo  times  faster  than  the 
weight. 

358.  If  ropes  are  used  for  the  action  of  the  power,  we  must  consider  the 
forces  applied  to  the  axis  of  the  rope.  Hence,  if  Br  denote  the  radii  of  the 
rope  of  the  wheel  and  axle,  and  T  t  half  the  thickness  of  the  ropes,  we  have 

P    :    W    ::     r+<    :    P  +  <. 

Ex.  6.  A  weight  of  3  cwt.  2  qra.  14  lbs.  is  soBpeoded  from  a  cbain  wound  roiind  a  dmm 
%\*  diameter :  what  we  pat  will  balance  this  if  suspended  from  a  chain  woond  round  a 
Bhoaye  on  the  same  centre  as  the  drum,  if  the  distance  from  chain  to  chain  is  1*9*. 

3  cwt.  2  qrs.  14  lbs.  =  406  lbs. 

\  of  diameter  8**25  =  4''*is5. 

i'  9*  or  21'  —  4'*i25  =  i^"'%TS> 

W  X  4ia5  =  P  X  16875, 

.    p  _  406j<4ji2S  _  167475  _  «       ^^ 

•    •  ^  —       X6-875      —  16-875  —  99  »4  AM.    .AJM. 

Ex.  7.  In  a  wheel  and  axle  the  barrel  is  9'  diameter,  the  rope  is  i|*  diameter,  the  onnk 
handle  is  14'  radins,  and  the  weight  to  be  lifted  300  lbs. :  what  is  the  force  applied  to  the 
handle,  adding  10  per  cent,  lor  friction  P 

The  radius  of  crank  being  14',  the  diameter  will  be  14'  X  2  =  28'. 

Diameter  of  barrel  -(-  diameter  of  rope  ^  9^  -{-  i}'  =  loj', 
W  X  diameter  of  axle  =  P  X  diameter  of  crank  handle. 

W  X  loj'  =  P  X  a8. 
300  X  10-25  =  P  X  38. 

.•.P  =  ^-^^  =  W=  109-8214,  Ac.  lbs. 
P  with  friction  =  109*8214  4-  (tV  of  109-8214)  =  109*8214  -f- 10*9821  ==  iao'803  lbs.  An9, 


THE  DIFFEEENTIAL  AXLE  OE  CHINESE  WHEEL. 

359.  An  ingenious  contrivance  for  enabling  the  exertion  of  a  compara- 
tiyely  small  power  to  overcome  a  large  resistance  is  presented  in  the  machine 
caUed  the  Chinese  windlass.  This  machine  may  be  considered  as  a  com- 
bination of  the  wheel  and  axle  with  a  single  movable  pulley.  Two  cylinders 
of  difiPerent  radii  have  a  common  axis  with  which  they  are  firmly  connected ; 
the  axis  is  supported  in  a  horizontal  position,  so  that  the  two  cylinders  can 
turn  as  one  body  round  the  axis.  A  string  has  one  end  fastened  to  the 
larger  cylinder,  is  coiled  several  times  round  the  cylinder,  then  leaves  it, 
passes  under  a  movable  pulley,  and  is  coiled  round  the  smaller  cylinder  to 
which  the  other  end  is  fastened.  The  string  is  coiled  in  opposite  ways 
round  the  two  cylinders,  so  that  as  it  winds  oif  one  it  winds  on  the  other* 
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A  weight  W  is  hung  from  the  movable  pulley,  and  the  equilibrium  is  main- 
tained by  a  power  P  applied  at  the  end  of  the  handle  attached  to  the  axis. 
It  is  found  by  theory  and  by  trial  that  there  is  equilibrium  on  this  machine 
when  the  power  ie  to  the  weight  in  the  same  proportion  as  half  the  difference  of 
the  radii  of  the  two  cylinders  is  to  the  length  of  the  arm  at  which  the  power 
acts.  Thus,  by  making  the  difference  of  the  radii  of  the  two  cylinders 
sufficiently  small,  we  can  secure  any  amount  of  mechanical  advantage. 

We  ooald  aaoertain  the  power  necessary  to  raise  a  given  load  directly,  bat  for  the  pnipose 
of  illustration  we  shall  make  use  of  the  principle  of  work. 

Let  UB  suppose  that  the  circumference  of  the  circle  described  by  the  handle  is  5  foot,  and 
that  the  effective  circumference  of  the  cylinders  are  respectively  a  feet  and  i  foot  8  inishes. 
When  the  handle  has  completed  one  revolution,  the  power  has  been  applied  throng  a 
distance  of  5  feet;  consequently,  a  feet  of  the  rope  has  been  wound  up  upon  the  larger 
cylinder,  while  1  foot  8  inches  ha?  been  unwound  from  the  smaller  cylinder.  The  part  of 
the  rope  which  is  not  in  contact  with  the  cylinders  has,  therefore,  been  shortened  by  the 
difference  between  2  feet  and  i  foot  8  inches,  that  is,  by  4  inches ;  and  as  this  must  be 
equally  distributed  between  the  two  portions  of  the  rope  going  to  the  pulley,  it  follows  that 
each  of  them  will  be  shortened  by  2  inches,  and  that,  therefore,  the  movable  pulley,  and 
consequently,  the  load  suspended  from  it  will  be  raised  through  2  inches.  It  thus  appears 
that  when  the  power  has  been  applied  through  a  distance  of  5  feet,  the  load  will  have  been 
raised  through  2  inches.  If,  therefore,  friction  be  overlooked,  it  follows,  from  the  prinoiple 
of  work,  that  a  given  power  applied  at  the  handle  will  be  able  to  raise  a  load  at  the  pulley 
which  is  30  times  as  great  as  the  power. 

In  this  case,  the  work  done  by  the  power  in  a  single  revolution  is  the 
power  midtiplied  by  the  circumference  described  by  the  winch  handle;  and 
since,  in  a  single  revolutioUy  the  rope  is  diminished  by  a  leng^  equal  to  the 
difference  of  the  circumferences  of  the  axles,  the  weight  will  be  lifted  through 
half  this  difference,  and,  therefore,  by  the  principle  of  constancy  of  work 
done  by  a  machine,  we  have — 

where  0  is  the  circumference  of  the  circle  described  by  the  winch  handle, 
and  e  and  c  are  the  circumferences  of  the  axles.    Hence  we  find — 

The  power  is  to  the  weight  as  the  difference  of  the  eiroumferenoee^  or  radii  of  the 

axles  is  to  twice  the  circumferences^  or  radius  of  the  circle  described  hy  the  wineh 

handle. 

Or,2RxP  =  ^7^X  W, 

.      -c»T  4B  X  P 

•    •  ^  "-  D  —  rf 

360. — ^It  will  thus  be  seen  that  this  contrivance  enables  a  small  force  to  be 
turned  into  a  very  much  larger  one.  The  ef&ciency  of  the  instrument  will 
be  the  more  increased  according  as  the  diameters  of  the  two  cylinders  become 
more  nearly  equal.  On  the  other  hand,  the  machine  will  become  more  slow 
in  its  action  in  proportion  as  it  becomes  more  powerful ;  in  fact,  it  is  evident 
that  if  the  two  cylinders  were  actually  equal  the  load  would  never  be  raised 
at  all. 
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EXAKPLBS. 

Ex.  I.  The  diameten  of  the  axles  are  la'  and  9'  respectively ;  the  length  of  the  handle 
2  feety  and  the  weight  400  lbs. :  required  the  power  P. 

aExP  =  ^^X  W, 

.•.P  =  ^:=Li?X  W-T-aB. 

Expressing  the  diameter  of  axles  in  feet  and  decimals  of  feet,  we  have— 

D  =  I  ft.,  and  (^  =  1%-  ft,  or  '75  ft, 

.  ■ .  P  =  * — ^^  X  400  -r  4  =  *ii5  X  100  =  12$  lbs.    Antwer, 

Ex.  a.  The  diameter  of  axles,  •^  ft.  and  -5  ft  respectively,  the  length  of  handle  2  Ibet^ 
the  effort  put  fbrth  is  10  lbs. :  required  the  weight 

\v  —  4  B  X  P 

^^  ^  D  — <j 

4R  =  aft.  X  4=Sft;  andD  —  rf= -7  ft  — -5  ft  = -a  ft. 
W  =  ?4^=4!  =  40olbe.    Antwer. 
Or,  by  the  principle  of  work, 

Work  done  upon  W  in  i  revolution  =  "7  x  P4i6---'5  x  ^1416  ^  ^ 

. ' .  Work  done  upon  P  in  i  revolution  =  4  X  3*1416  X  10, 
.,7x3»4'6--5xvMi6  X  W  =  4  X  r.416  X  lo. 

Dividing  each  side  of  equality  by  3*1416, 

^^^  X  W  =  4  X  10, .  * .  W  =  40  -y.  -I  =  400  lbs.    Amwer. 

Ex.  3.  A  toothed  wheel  of  8  teeth  turns  on  the  same  axle  as  a  wheel  A  of  a  feet  diameter, 
and  gears  into  another  toothed  wheel  of  56  teeth,  which  turns  on  the  same  axle  as  an  axle 
B  of  3  inches  diameter :  if  a  power  of  30  lbs,  be  applied  to  the  wheel  A,  what  weight  will 
be  lifted  by  the  axle  B  f 

If  the  toothed  wheels  had  been  of  the  same  diameter, 

PXaft.  =  Wxift. 

30  X  3  ft.  =  W  X  J  ft. 

.  • .  W  =  60  -J.  J  =  a4o  lbs. 

But  as  the  number  of  teeth  are  in  the  proportion  of  8  to  56,  the  diameters  will  be  in  the 
same  proportion ;  that  is,  one  diameter  is  7  times  the  other, 

. ' .  Weight  lifted  will  be  240  X  7  =  1680  lbs.    Answer, 

Ex.  4.    A  geared  engine  has  60  teeth  in  the  driving  wheel  and  20  on  the  shaft,  the 

engines  are  making  42  revolutions  per  minute :  what  are  the  revolutions  of  the  propeller 

|>er  hourP 

Bevolutions  of  engine  per  hour  =  42  X  60  =  2520, 

.  * .  20    :    60    : :     2520    :    revolutions  of  propeller. 
Bev,  of  propeller  per  hour  =  *^^J^ —  ^  7560. 


ao 


THE  INOLINED  PLANE. 

361.  An  Inclined  Plane  in  Mechanics  is  a  smooth  plane  supposed  to  be 
made  of  wood  or  metal,  or  some  other  rigid  material,  and  fixed  in  a  position 
inclined  to  the  horizon.  It  is  supposed  to  be  capable  of  resisting,  in  a 
direction  perpendicular  to  its  surface,  to  any  required  amount.    When  an 
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inclined  plane  is  used  as  a  mechanical  power,  the  straight  lines  indicating 
the  directions  in  which  the  power  and  weight  act,  are  supposed  to  be  both  in 
one  vertical  plane,  namely,  in  the  plane  perpendicular  to  the  straight  line  in 
which  the  inclined  plane  meets  the  horizon.  b 

Thus,  the  inclined  plane  is  represented  by  a 
right-angled  triangle,  such  as  A  B  C ;  the  hori- 
zontal side  AG  is  called  the  base,  the  vertical  .  "^ 

side  B  C  is  called  the  height,  the  angle  BAG       ,  ■  '^' 

is  the  inclination  of  the  inclined  plane  to  the      ^ 
horizon. 

362.  Suppose  a  heavy  body  placed  on  an  inclined  plane.  The  weight  of 
the  body  tends  vertically  downwards,  but  owing  to  the  resistance  of  the  plane 
the  body  cannot  move  in  that  direction,  it  will,  however,  slide  down  the  plane 
imless  prevented  by  a  suitable  force,  and  the  amount  of  the  force  which  we 
must  use  depends  upon  the  direction  in  which  it  acts.  We  will  suppose  that 
the  force  acts  ahn^f  the  plane,  or  parallel  to  it ;  the  proposition  which  applies 
in  this  case  is  the  following : —  TThen  a  weight  is  put  on  an  inclined  plane  and 
kept  in  equilibrium  by  a  power  acting  parallel  to  the  plane^  the  power  is  to  the 
weight  in  the  same  proportion  as  the  height  of  the  plane  is  to  its  length. 

The  preceding  statement  may  be  taken  as  an  experimental  truth,  or  it  may 
be  established  by  reasoning,  for  which  we  have  not  space  here. 

363.  If  we  suppose  the  power  to  be  a  little  greater  than  is  necessary  for 
equilibrium,  the  weight  will  be  moved  along  the  plane.  Suppose  the  weight 
to  be  drawn  along  the  plane  from  A  to  B,  so  that  the  power  has  passed  over 
the  length  of  the  plane,  then  the  weight  has  passed  over  as  much  space  as  the 
power,  but  the  vertical  height  through  which  the  weight  has  passed  is  B  G. 
Thus  we  have  here  a  fresh  illustration  of  the  important  principle  of  No.  347, 
and  at  the  same  time  an  indication  of  the  way  in  which  the  principle  is  to  be 
imderstood ;  the  motion  of  the  weight,  estimated  in  the  direction  of  the  woigkt^ 
bears  the  same  proportion  to  the  motion  of  the  power,  estimated  in  the  direction 
of  the  power,  as  the  power  bears  to  the  weight  in  eqiiilibrium. 

364.  There  is  another  case  with  regard  to  the  inclined  plane  which  it  is 
usual  to  notice,  namely,  that  in  which  the  power  acts  horizontaUg ;  the  pro- 
position which  applies  to  this  case  is  the  following : — When  a  weight  is  put  on 
an  inclined  plane  acting  horizontally,  the  power  is  to  the  weight  in  the  same  propor- 
tion as  the  height  of  the  plane  is  to  its  base.  The  preceding  statement  may  be 
taken  as  an  experiment. 

If  we  suppose  the  power  to  be  a  little  greater  than  is  necessary  for 
equilibrium,  the  weight  will  be  moved  along  the  plane.  Suppose  the  weight 
to  be  drawn  along  the  plane  from  A  to  B  so  that  the  power  has  passed 
horizontally  over  the  space  A  G ;  then  the  weight  has  passed  vertically  over 
the  space  BG.     Hence,  the  space  passed  over  by  the  weight,  estimated  in  the 
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direciian  of  the  weight,  is  to  the  space  passed  over  by  the  power,  estimated  in 
the  direction  of  the  power ,  as  the  power  is  to  the  weight  in  the  state  of  equili- 
brium. Thus  we  have  here  a  fresh  illustration  of  the  important  principle  in 
No.  347,  and  an  indication,  as  in  No.  363,  of  the  way  in  which  it  may  be 
understood. 

The  only  use  of  the  inclined  plane  which  is  of  any  practical  importance  is 
that  in  which  the  power  is  applied  parallel  to  the  plane.  In  this  case,  as  has 
just  been  shown.  No.  363,  while  the  power  moves  through  the  length  of  the 
plane,  the  weight  is  lifted  through  the  height  of  the  plane,  and,  therefore. 

Power  X  length  of  plane  =  weight  X  height  of  plane. 

Or,  the  power  is  to  the  weight  as  the  height  of  the  plane  is  to  its  length. 

Examples. 

Ex.  I.  Length  of  plane  20  feet,  height  of  plane  9  feet,  and  weight  500  lbs. :  reqoired  the 
power  P. 

P    :    W    : :    height  of  plane    :    length  of  plane. 

P    :    500   : :    9  :    20 


20 


Or  thus: — 


Work  in  raising  W  =  500  X  9* 

Work  due  to  the  descent  of  P  =:  P  X  20, 

. ' .  P  X  20  =  500  X  9 ;  and  P  =  225  Ihs.    Anmeer. 

Ex.  2.    Suppose  length  of  inclined  plane  100  feet,  height  15  feet»  and  weight  20  owt. 
reqaired  the  power. 

P    :    W  ::    height  of  plane    :    length  of  plane. 

P    :    20  cwt.    : :     15  100 

loo  ^ 


THE  SCEEW. 

365.  A  screw  may  be  considered  an  inclined  plane  wound  round  a 
cylinder. 

The  projecting  coils  are  termed  the  threads  of  the  screw. 

The  distance  between  the  upper  edge  of  one  thread  and  the  corresponding 
edge  of  the  next,  measured  on  a  line  parallel  to  the  aids,  is  termed  the 
distance  between  the  treads.  The  screw  is  usually  connected  with  a  concaye 
cylinder,  termed  a  nut,  on  the  interior  surface  of  which  a  spiral  cavity  is  cut, 
corresponding  exactly  to  the  thread  of  the  screw  which  moves  in  it. 

Suppose  the  axis  of  the  screw  to  be  vertical,  and  let  a  weight  W  be  placed 
on  the  screw.  Then  the  weight,  by  its  tendency  to  descend,  would  cause  the 
screw  to  turn  round  in  the  block,  unless  this  motion  were  prevented  by  some 
power.  We  will  suppose  the  power  P  to  act  at  the  end  of  a  horizontal  arm 
perpendicular  to  the  lever,  and  horizontally,  the  arm  being  firmly  attached 
to  the  cylinder.    The  distance  between  the  axis  of  the  cylinder  and  the  point 


432  On  the  Meehanteal  Fowen, 


of  application  of  the  power  we  shall  call  the  power-arm.  It  is  found  whea 
there  is  equilibrium,  P  is  to  W  in  the  same  proportion  as  the  distance 
between  two  consecutive  threads  of  the  screw  is  to  the  circumference  of  the 
circle,  having  the  power-arm  for  the  radius.  The  reasoning  on  which  this 
depends  is  not  simple  enough  to  find  a  place  here,  so  that  this  may  be  taken 
as  an  experimental  fact.  It  is  interesting,  however,  to  observe  its  agreement 
with  No.  347,  as  illustrated  in  Nos.  363  and  364;  for,  supposing  the  power 
to  be  a  little  greater  than  necessary  for  equilibrium,  then  the  weight  will  be 
moved ;  by  turning  the  screw  once  round,  the  weight  will  be  raised  through 
a  space  equal  to  the  distance  between  two  consecutive  threads.  Also,  the 
whole  space  passed  over  by  the  end  of  the  power-arm,  estimated  in  the 
direction  of  the  power,  consists  of  a  multitude  of  small  spaces,  whidi  are 
together  equivalent  to  the  circumference  of  the  circle,  having  the  power-am 
for  radius. 

Power  X  circumference  of  circle  through  which  it  moves  = 
weight  X  interval  between  the  threads. 

Or,  the  power  ie  to  the  weight  as  the  interval  between  the  threade  is  to  ike 
eireum/erenee  of  the  eirele  described  by  the  power. 


Ex.  I.  The  lever  of  a  simple  screw  is  2  feet,  the  distance  between  the  threads  is  *i  fboi: 
if  a  pressure  of  100  lbs.  be  applied  to  the  lever,  what  pressure  will  be  prodnoed  on  tiie 
press-board  P 

Ciroamference  of  circle  through  which  power  moves  =  4  X  3*1416  =  11*5664. 

P    :    W    ::    •!    :     i2*5664, 

^  _  100  X  ir^       its^  _  ^^g       ^^^     ^,,,^ 

•a  •»  ^ 

Or  thus:— In  one  torn  of  the  lever  the  press-board  is  moved  over  the  distance  between 
the  threads  of  the  screw. 

.  * .  Space  moved  over  by  P  in  i  revolution  =  4  X  3*1416. 

»>  »»  '^  >>  ^  *^» 

Work  of  P  in  I  revolution  =  4  X  3*1416  X  100. 
„       W  „  =-2. 

. ' .  W  X  '2  =  4  X  3*1416  X  100,  and  W  =  6283-2  lbs. 

Obs. — The  equation  here  obtained  shows  that  we  may  increase  the 
mechanical  force  of  the  screw  either  by  diminishing  the  distance  between 
the  threads,  or  by  lengthening  the  arm  of  the  levor,  or  by  both. 

Ex.  2.  Boquired  the  same  as  in  the  last  example,  when  the  distance  between  the  threads 
is  \  is.,  and  the  prossnre  applied  to  the  lever  is  60  lbs.    Ans.^  8  tons  i  cwt.  2  qrs.  7  lbs. 

Ex.  3.     Required  the  advantage  of  the  power  in  the  last  example.    Ans,^  301. 

Ex.  4.  The  lever  of  the  screw  is  2}  ft.,  and  the  distance  between  the  threads  }  in. :  what 
pressure  must  be  exerted  on  the  lever  so  as  to  move  a  5-ton  weight  P 

5  tons  =  5  X  2240  =:  1 1200  lbs. ;  2}  X  2  =  5  ft.  =r  6o^ 
P  X  6o'  X  31416  =  11200  X  t', 

*-*P  =  a3^^6  =  ,-|^  =  44*561bs.    An^. 
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THE  COMPOUND  SCREW. 

366.  This  mechanical  power  consists  of  two  screws,  one  of  which  screws 
with  the  other,  so  that  whilst  the  larger  one  is  descending  the  small  one  is 
relatively  rising  within  the  large  one.  In  consequence  of  this  oompoiind 
motion,  in  one  revolution  of  the  lever,  the  press  board  only  descends  a  dis- 
tance equal  to  the  difierence  of  the  thickness  of  the  threads  of  the  screw. 
Hence  the  advantage  depends  upon  the  smallness  of  this  difference  and  not 
upon  the  absolute  size  of  the  threads.  In  this  respect  the  machine  is 
analagous  to  the  compound  wheel  and  axle. 

367.  It  is  found,  by  theory  and  by  trial,  that  there  is  equilibrium  in  this 
machine  when  the  power  is  to  the  weight  in  the  same  proportion  as  the 
difTerence  of  the  distances  between  two  consecutive  threads  in  the  two  screws 
ia  to  the  circumference  of  the  circle  having  the  power-arm  for  radius. 

EXAMPLKS. 

Ex.  I.  Id  a  oompound  sorew  the  length  of  the  lever  Is  i|  ft.,  the  distanoe  between  the 
threads  of  the  large  or  hollow  screw  is  |  in.,  and  that  of  the  small  one  |  in. :  if  30  lbs* 
pressure  be  applied  to  the  lover,  what  will  be  the  pressure  on  the  press-board  P 

P    :    W    : :    difference  of  distanoe  between  two  threads  of  screws    :    ciroumferenoe 

of  circle  described  by  lever. 

P     :     W     ::     (}  -  J  =  J)  =  ^V  ft-     :     3  X  3I4«6. 

W  r=  30  X  3  X  31416  _.  282-744  X  48 

=  13571*712  lbs.  =  6  tons  I  cwt.  o  qr.  19*7  lbs.    Answer. 
In  one  revolution  the  largo  screw  descends  }  inch,  but  at  the  same  time  the  small  screw 
(by  turning  within  the  larger  one)  ascends  )  inch,  therefore,  the  press-board  must  descend 
A  space  =:  i  —  1  =  i  inch  =  iV  foot. 

Work  done  in  i  revolution  ^  W  X  A- 
Work  applied  in  i  revolution  =:  30  X  2  X  1*5  X  3*1416  =:  282*744, 
.*.  W  X  A  =282-74;  and  W  =13571-7  lbs. 
Ex.  2.    Required  the  same  as  in  the  last  example,  when  the  threads  are  }  and  f 
respectively,  and  the  pressure  applied  to  tho  lever  is  i  lb.    Aitnoer,  904. 

Ex.  3.  What  pressure  muat  bo  applied  to  the  lever  in  Ex.  i,  so  that  a  pressure  of  4  tons 
may  be  given  to  the  press-board  ?    Aniwer,  19*8  lbs. 

E!x.  4.  If  the  length  of  tho  lever  be  2  feet,  the  thickness  of  the  thread  of  the  large  screw 
I  in. :  what  must  be  the  thickness  of  the  small  screw,  so  that  i  lb.  applied  to  the  lever  may 
produce  a  pressure  of  J  ton  ? 

Here,  we  have,  by  the  principle  of  equality  of  work, 

«  X  4  X  3'4«6  =  560  (tV  —  thickness), 

. ' .  Thickness  =  -06  ft.  =  72  inch. 

Ex.  5.  The  connecting-rod  end  is  adjusted  by  a  screwe«l  cutter,  the  screw  has  14  threi^di 
to  the  inch,  the  taper  of  the  cutter  is  J  in.  to  the  foot,  the  nut  is  6  canted :  required  the 
number  ol  turns  and  cants  of  the  nut  to  bring  tLo  brasses. -01  in.  closer. 

8  =  -625 

1 2) -625  of  an  inch. 


J 


2) -05  2 083  of  an  inch  to  an  inch. 


*  7) -026041 


003720  of  an  inch  for  i  turn  of  the  aat. 


434  ^  ^^  Mechanical  PtHoera, 


'00372  )  'oxoooo  (    2*688  complete  toniB. 
744  6 


2560       4*128  cants. 
2232 

3280 
2976 


3040 
Anmoer,  2  turns  and  4  cants. 

Ex.  6.  The  outer  or  hollow  scrow  of  a  screw-jack  has  a  pitch  of  i  inch,  the  inallur  or 
inner  one  a  pitch  of  )  inch,  the  lover  is  i  foot  in  length :  what  weight  will  be  eaaad  ap  bj 
A  man  oxertiag  a  force  equal  to  150  Its.  at  the  end  of  the  Icyer  P    Am,,  40*39  tons. 


THE  PULLEY. 

368.  A  force  may  be  transmitted  frv>m  one  point  to  another  by  means 
of  a  cordi  and  if  there  were  no  friction,  this  force  might  be  transmitted 
undiminished  in  any  direction.  In  order  to  diminish  friction  in  thus  trans- 
mitting a  force  from  one  point  to  another  by  means  of  a  cord,  we  make  the 
cord  pass  over  a  wheel  with  a  groove  cut  in  its  circumference,  whioh  turns 
with  the  cord,  and  so  diminishes  the  friction.  The  wheel  is  called  the 
thsav4f  and  the  wooden  frame  in  which  it  works,  and  to  which  its  axle  or 
pivot  is  fastened,  is  called  the  block  of  the  pulley.  The  principle  on  which 
the  equilibrium  of  a  system  of  pulleys  is  determined  is  the  following : — 

7%s  tension  of  each  cord  employed  is  constant^  and  equal  to  the  power  appUad  ai 
Us  escUromity. 

369.  Let  us  consider  the  case  of  a  pulley,  the  block  of  which  is  fixed,  and 
suppose  a  weight  attached  to  the  end  of  a  string  passing  round  the  pulley. 
If  the  string  be  pulled  at  the  other  end  by  a  power  equal  to  the  weighty 
there  will  be  equilibrium;  if  the  string  be  pulled  by  a  power  somewhat 
greater,  the  weight  will  be  raised.  Thus,  ta  fixed  pulley  is  a  machine  by  the 
aid  of  which  we  can  change  the  direction  of  a  force  without  changing  its 
magnitude.  For  example,  we  might  have  a  power  which  could  most  con- 
veniently  act  in  a  direction  inclined  at  a  certain  angle  to  the  horizon,  and  it 
might  bo  used  in  supporting  a  weight,  that  is,  in  balancing  a  vertical  force; 
then  by  transmitting  the  power  by  moans  of  a  string,  and  passing  the  string 
roimd  a  fixed  pulley,  we  can  support  a  weight  equal  to  the  power.  A  fixed 
pulley  is  often  used  when  weights  aro  to  be  raised,  as  for  example,  in  setting 
the  sails  of  ships.  Thus,  a  fixed  pulley,  though  it  may  be  very  convenient| 
does  not  afford  us  any  mechanical  advantage, 

370.  It  might  at  first  sight  appear  that  nothing  is  gained  by  making  the 
circular  plate  of  the  pulley  capable  of  turning  round  its  axis ;  but  practically 
this  is  very  important.  When  the  circular  plate  can  turn  round,  it  is  found 
by  trial  that  in  the  state  of  equilibriimi  the  tension  of  the  string  is  almost 
the  same  on  both  sides  of  the  pulley,  so  that  a  weight  can  be  moved  by  a 
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power  which  is  very  slightly  greater.  But  when  the  circular  plate  cannot 
turn  round,  it  is  found  that  there  may  be  a  considerable  difference  between 
the  tension  of  the  string  on  the  two  sides  of  the  pulley,  and  so  a  weight 
could  not  be  moved  unless  the  power  was  considerably  greater.  This  is 
owing  to  friction. 

371.  Now  consider  the  case  of  the  single  movable  pulley.  Let  a  string 
pass  round  the  pulley  having  one  end  fixed,  and  to  be  palled  vertically 
npwards  by  a  power  F  at  the  other  end.  Let  a  weight  be  attached  to  the 
block  of  the  pulley.  Thus  it  is  found  on  trial  that  there  is  equilibrium  if 
the  power  is  equal  to  half  the  weight.  In  fact  we  may  consider  the  block 
to  be  acted  on  by  three  parallel  forces ;  namely,  the  weight  downwards  and 
the  two  forces  upwards  arising  from  the  tension  of  the  two  parts  of  the  string. 
Thus  the  weight  must  be  equal  to  the  sum  of  the  two  upward  forces.  But 
the  tension  of  the  string  is  throughout  equal  to  the  power :  therefore  twice 
power  (P)  is  equal  to  the  weight  (W).  It  will  be  apparent  that  there  is 
nothing  strange  in  this  result  The  weight  has  to  be  supported  in  some 
manner,  and  on  examining  we  find  that  the  result  is  the  same  as  if  half  of 
the  weight  were  supported  by  a  fixed  beam  (to  which  one  end  of  the  string 
is  fastened)  and  half  by  the  power. 

372.  If  the  power  be  only  a  little  greater  than  half  the  weight,  the  weight 
will  be  raised.  According  to  the  principle  of  No.  347,  if  the  weight  is  raised 
through  any  space,  the  end  of  the  string  at  which  the  power  acts  must  be 
raised  through  twtee  that  space.    This  may  be  easily  shown. 

For,  suppose  the  weight  to  be  raised  through  any  space,  say  one  inch,  the 
part  of  the  string  between  the  fixed  end  and  round  the  pulley  must  be 
shortened  by  one  inch,  and  to  keep  the  string  stretched  the  end  at  whioh  P 
acts  must  be  raised  through  two  inches.  Thus  the  power  end  of  the  string 
moves  through  twice  the  space  through  which  the  weight  moves. 

373.  Sometimes  the  two  parts  of  the  string  are  not  parallel.  But  in  order 
that  there  may  be  equilibrium,  the  two  parts  of  the  string  most  be  inclined 
to  the  vertical  at  the  same  angle ;  for,  if  they  were  not,  the  pulley  would  be 
drawn  towards  the  side  where  the  string  was  most  inclined  to  the  vertioaL 
Then,  when  there  is  equilibrium,  the  weight  is  equal  to  twice  that  part  of 
the  power  which  acts  in  a  vertical  direction ;  suppose  the  power  resolved 
into  two  components,  one  vertical  and  the  other  horizontal.  We  now  pass 
on  to  consider  various  combinations  of  pulleys. 

374.  First  System  of  Pulleys.— In  a  system  of  pulleys  in  which  eaoh 
pulley  hangs  by  a  separate  string,  and  all  the  strings  are  parallel,  it  is 
usually  called  the  First  System  of  Pulleys,     In  this  system  the  string  which 

m 

passes  round  any  pulley,  except  the  highest,  has  one  end  attached  to  a  fixed 
point,  and  the  other  end  supported  by  the  power.  We  saw  that  for  eqiiili- 
brium  in  the  single  movable  pulley,  the  weight  must  be  twice  the  power;  in 
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the  First  System  of  Pulleys  it  is  found  that  for  equilibrium,  if  there  are  two 
movable  pulleys,  the  weight  must  be  four  times  the  power ;  if  there  are  three 
movable  pulleys,  tho  weight  must  be  eight  times  the  power ;  if  there  are  four 
movable  pulleys,  the  weight  must  be  sixteen  times  the  power,  and  so  on. 
Thus,  for  every  additional  movable  pulley  the  weight  that  can  be  supported 
by  a  given  power  is  doubled. 

375.  There  is  no  difficulty  in  the  reasoning  by  which  this  result  is 
established.      Suppose  there  are  four  movable  pulleys.      By  the  principle  of 

the  single  movable  piilley,  the  tension  of  string  which  passes  under  the  lowest 

w 
pulley  is  -,  ;   thus  the  next  pulley  is  drawn  downwards  by  a  force  equal  to 

w  w 

~  ,  and,  consequently,  the  tension  of  the  string  which  passes  round  it  is  -;^ ; 

w 

in  like  manner,  tho  next  pulley  is  drawn  downwards  by  a  force  equal  to  j- ! 

DV 

and,  consequently,  the  tension  of  the  string  that  passes  round  it  is  g- ;  in  like 
manner,  the  next  pulley  is  drawn  downwards  by  a  force  equal  to  -g-,  and, 

consequently,  the  tension  of  the  string  which  passes  round  it  is  -^.    This 

last  tension  must  be  equal  to  the  power  which  acts  at  the  end  of  the  stringy 

w 
so  that  P  is  equal  to  ^. 

376.  As  in  former  cases,  if  the  power  be  a  little  greater  than  is  necessaiy 
for  equilibrium,  the  weight  will  be  moved,  and  the  principle  No.  347  will  bo 
found  to  hold. 

377.  Second  System  of  Pulleys. — In  this  system  of  pulleys  the  same 
string  passes  round  all  the  pulleys,  and  the  parts  of  it  between  the  pulleys 
are  parallel.  Let  us  suppose  that  there  are/tmr  strings  at  the  lower  block, 
and  when  there  is  equilibrium  the  weight  is  four  times  the  power.  In  like 
manner,  if  there  are  six  strings  at  the  lower  block,  the  weight  is  six  times  the 
power.  Suppose,  in  this  case,  the  string  is  fastened  to  the  upper  block,  and 
the  number  of  stringy  at  the  lower  block  is  an  even  number.  But  the  end  of 
the  strings  might  be  fastened  to  the  lower  block,  and  then  the  number  of 
strings  at  the  lower  block  would  be  an  odd  number. 

The  reasoning  by  which  the  condition  of  equilibrium  in  the  Second  System 
of  Pulleys  is  established  is  as  follows : — The  tension  of  the  string  is  the  same 
throughout,  and  is  equal  to  the  power,  so  that  if  there  are  four  strings  at  the 
lower  block,  we  may  regard  that  block  as  drawn  up  by  four  parallel  forces 
each  equal  to  the  power,  and  drawn  downwards  by  the  weight ;  therefore  the 
weight  must  be  equal  to  four  times  the  power.  It  will  be  seen  that  there 
are  five  strings  at  the  upper  block,  so  that  the  fixed  point  must  support 
altogether  five  times  the  power,  that  is,  the  sum  of  W  and  P.  A  remark 
similar  to  No.  376  may  be  repeated  here. 

378.  Third  System  of  Pulleys.— In  this  system  of  pulleys  each  string  is 
attached  to  the  weight,  and  all  the  strings  are  parallel.     Tho  string  which 
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passes  round  any  pulley  except  the  lowest,  has  one  end  attached  to  the  block 
of  the  next  lower  pulley ;  tho  string  which  passes  round  the  lowest  pulley 
has  one  end  attached  to  the  weight,  and  the  other  end  supported  by  the 
power.  The  highest  pulley  is  fixed,  and  the  others  are  movable.  The 
condition  of  equilibrium  for  the  Third  System  of  TvXUys  can  be  expressed' 
most  easily  by  stating  what  proportions  the  sum  of  the  weight  and  the  power 
must  bear  to  the  power.  If  there  is  one  pulley  the  sum  is  twice  the  power, 
if  there  are  two  pulleys  the  sum  is  four  times  the  power,  if  there  are  three 
pulleys  the  sum  is  eight  times  the  power,  if  there  are  four  pulleys  the  sum  is 
sixteen  times  the  power,  and  so  on.  Thus  for  every  additional  power  the 
sum  is  doubled.  If  the  sum  is  twice  the  power,  the  weight  is  equal  to  the 
power ;  if  the  sum  is  four  times  the  power,  the  weight  is  three  times  the 
power ;  if  the  sum  is  eight  times  the  power,  the  weight  is  seven  times  the 
power ;  if  the  sum  is  sixteen  times  the  power,  the  weight  is  fifteen  times  the 
power,  and  so  on. 

There  is  no  difficulty  in  the  reasoning  by  which  the  condition  of  equilibrium 
for  the  Third  System  of  Ptdkys  is  established.  Suppose  that  there  are  four 
pulleys.  Let  W  denote  the  weight  to  which  all  the  strings  are  fastened,  and 
P  the  power  which  acts  vertically  downward  at  the  end  of  the  string  which 
passes  over  the  lowest  pulley.  The  tension  which  passes  over  the  lowest 
pulley  is  P,  hence  this  pulley  is  drawn  downwards  by  a  force  equal  to  2  P| 
and,  consequently,  this  must  be  the  tension  of  the  string  which  is  fastened  to 
it  and  draws  it  upwards,  passing  over  the  second  pulley.  Hence,  the  second 
pulley  is  drawn  downwards  by  a  force  equal  to  4  P,  and,  consequently,  this 
must  be  the  tension  of  the  string  which  is  fastened  to  it  and  draws  it 
upwards,  passing  over  the  third  pulley.  Similarly,  with  respect  to  the 
tension  of  the  string  which  passes  over  the  fourth  pulley.  Now,  all  the 
strings  are  fastened  to  the  weight,  and  so  help  to  support  it ;  then  W  must 
be  equal  to  the  turn  of  P,  2  P,  4  P,  and  8  P,  that  is,  W  must  be  equal  to  1 9  P. 

Or  we  might  shorten  the  process  a  little,  thus : — The  tension  of  the  string 
that  goes  over  the  highest  pulley  is  8  P,  so  that  this  pulley  is  drawn  down- 
wards by  a  force  equal  to  16  P,  but  the  whole  weight  supported  at  the  point 
to  which  the  highest  pulley  is  fixed  must  be  equal  to  the  sum  of  W  and  P ; 
therefore,  the  sum  of  W  and  P  is  equal  to  16  P,  and,  consequently,  W  is 
equal  to  1 5  P.    A  remark  similar  to  that  of  No.  376  may  be  repeated  here. 

In  what  has  preceded  we  have  supposed  that  the  weights  of  the  pulleys 
themselves  are  neglected,  but  in  practice  it  may  be  necessary  to  take  these 
weights  into  account ;  it  will  be  sufficient  to  take  one  case  as  an  example. 
Consider  the  Third  System  of  PuUeys,  and  suppose,  as  in  No.  376,  that  there 
are  four  pulleys.  The  weight  of  the  lowest  pulley  here  assists  the  power, 
and  acts  just  like  the  power,  except  that  it  has  a  system  of  three  pulleys  above 
it  instead  of  four ;  thus  it  will  support  seven  times  its  own  weight.    Similarly, 
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the  weight  of  the  next  pulley  will  support  three  times  its  own  weight,  and 
the  weight  of  the  next  to  that  will  support  just  its  own  weig^ht.  The  wei^ 
of  the  liigheet  pulley  will  not  give  any  aid.  Thus,  finally,  we  haye  tk 
following  result : — The  weight  W  is  equal  to  the  sum  of  15  P,  together  wiA 
seven  times  the  weight  of  the  lowest  pulley,  three  times  the  weight  of  As 
next,  and  the  weight  of  the  next  to  that. 

EXAMPLBS. 

Ex.  I.  A  weight  of  3  tons  ia  lifted  by  a  pair  of  blooks  of  two  sheaTes  oaoh,  the  lopeii 
lutened  to  the  upper  block :  what  strain  is  on  each  single  of  the  rope  P 

3  tons  or  60  cwt.  -7-  4  =  15  owt.    Afuwer. 

Mechanical  efficiency  =  ^r^  =  4* 

Ex.  2.  A  boilor  weighing  7^  tons  has  to  be  lifted  by  a  pair  of  treble  blooks :  what  !■  fti 
■train  on  each  single  of  the  rope  P 

7*5  X  2240  =  16800  lbs. 

16800  lbs.  -7-  6  =z  2800  lbs.  =  I  ton  5  cwt.    Antwer. 

Ex.  3.  A  pair  of  doable  blocks  are  used  to  lift  2  tons  weight :  what  would  be  the  piDif 
20  per  cent,  be  lost  by  friction  F 

2  tons  X  2240  =  4480  lbs. 

Poll  without  friction  =  4480  lbs.  -7-  4  =:  1 1 20  lbs. 

"With  friction :  Since  20  per  cent,  is  lost  by  friction,  if  we  suppose  the  poll  to  be  100  Iba, 
then  the  weight  lifted  would  only  be  80  lbs. ;  therefore,  the  puU  withoat  IrioUoo,  m, 
1 120  lbs.,  must  be  increased  in  the  ratio  of  80  :  100,  or  as  8  :  10, 

.  * .  -\p  of  1 120  =  1400  lbs.    Answer, 
Otherwise,    80    :     100  1120    :    x, 

iiao'x  100  ,,  . 
g^j —  =  1400  lbs.    An»W0r, 

Ex.  4.  A  weight  of  4  tons  is  lifted  by  a  pair  of  blocks  of  two  sheaves  eaoh,  the  rope  ii 
fastened  to  the  upper  block :  what  must  be  the  pull  at  the  free  end  of  the  rope^  rapposiiv 
10  per  oent.  to  be  lost  at  each  sheave  P 

If  10  per  cent,  is  lost  at  each  sheave,  the  first  lifting  rope  will  exert  a  lifting  force  eqvl 
to  *9  of  the  pull  of  the  free  end  of  the  rope. 

The  others  will  exert  a  force  equal  to  *9  of  the  preceding  rope. 

The  sum  of  these  calculated  for  all  the  ropes  is  the  divisor  to  be  iiaed  imft^fi^  of  ths 
number  of  sheaves. 

100  That  is,  the  rope,  after  passing  the  ist  sheave,  will  have  only  -f/^  or  A 

10  per  cent,   of  the  full  pull.    '9  is  the  first  power  of  -9.    The  rope,  after  pasnng  fka 

—  2nd  sheave,  will  have  -9  of  -9  =  -81  of  the  full  pull,  which  is  the  seooad 

90  power  of  *9,  and  so  on  to  as  miiny  powers  as  there  are  sheaves,  and  tki 

work  may  be  written  thus : — 

*9  =  ist  power. 

*8i  =:  2nd  power. 
•9 

^  30951 

•729  =  3rd  power. 

•9 


'6561  =  4th  power. 

Weight  4  tons  =  4  x  2240  =:  8960  lbs. 
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3*095i)S96o'oooo(a894'9  ll>8. 
61902 

276980 
247608 


2937*0 

>78559 

Ana, :  2894*9  lbs.,  the  pull  required. 

151610 

123804 


278060 

Ex.  5.  A  weight  of  2  tons  is  lifted  by  a  pair  of  blocks,  there  are  3  sheaves  in  each  block, 
the  rope  is  fastened  to  the  upper  block :  what  must  be  the  pnll  at  the  free  end,  supposing 
12  per  cent,  be  lost  at  each  dieave  P 

Calculating  as  many  powers  as  there  are  sheayee,  thus  :— 

100  ^ffis  =:  *88  *88  =  ist  power. 

12  -88 

88  704 

704 

-7744  =:  2nd  power. 
•88 


61952 
61952 


6814,72  =:  3rd  power, 
or,    6815 
■88  -88 

•7744 


•6815  545»o 

•5997  545^0 

•5277  

'4644  '5997*20  =  4th  power. 
-88 


3*9»77 


47976 

47976 


•5*77,36  =  5*^  power. 
'88 


42216 
42216 


'4643,76  :=  6th  power. 

Non.—It  is  quite  unneceBsary  to  retain  more  than  four  places  of  decimals  in  the  work. 

Weight  2  tons  =:  2  X  2240  =  4480  lbs. 

3'9277)448o*oooo(i  140*6  lbs. 
39*77 


55*30 

39*77 

'59530 
157 108 


242200 
235662 
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EXAlfPT.EB  FOB   PfiAOnOB. 

I.     What  weight  on  tho  end  of  a  lever  8  feet  in  length  will  exert  a  force  eqaal  to  loo  Ibt. 

on  the  other  end,  6  inches  being  the  distance  of  the  folcrom  from  the  loo  lbs.? 

Ant,y  6*667  i^' 
3.    What  weight  on  the  end  of  a  lever  la  feet  in  length  will  equipoise  2  tons  on  the 

other  end,  the  fdlcrom  being  distant  9  inches  from  the  weight  to  be  equipoised, 

and  the  weight  of  the  lever  not  taken  into  accoont  P    Ant,,  194*7  lbs. 

3.  Four  weights,  1,  3,  5,  and  7,  are  at  eqoal  distances  of  8  inches  from  each  other  on  a 

straight  lever:  how  far  from  each  is  the  falcrom  on  which  they  will  balance f 
Ana.^  1 7  inches,  9  inches,  i  inch,  and  7  inches. 

4.  Tho  arms  of  a  lever  are  respectively  15  and  16  inches :  find  what  weight  at  the  end 

of  the  short  arm  will  balance  30  lbs.  at  the  end  of  the  long  arm,  and  what  weight 
at  the  end  of  the  long  arm  will  balance  30  lbs.  at  the  end  of  the  short  arm.  Ana^ 
32  lbs. ;  28  lbs.  2  ozs. 

5.  What  force  will  be  required  to  work  the  handle  of  a  windlass,  the  resistance  to  be 

overcome  being  1 156  lbs.,  the  radios  of  the  axle  being  6  inches,  and  of  the  handle 
2  feet  8  inches.    Am.^  31^*75  11m. 

6.  A  weight  of  17  lbs.  just  balances  a  weight  of  79  lbs.  on  a  wheel  and  axle :  what  will 

be  the  radius  of  ^e  axle  if  that  of  the  wheel  be  17  inches  F    An$.,  3*65  inches. 

7.  In  a  wheel  and  axle,  the  radius  of  the  wheel  is  20  in.,  and  that  of  the  axle  4  in. ;  if 

the  power  applied  is  70  lbs. :  what  must  be  the  weight  F    Am,,  350  lbs. 

8.  If  tho  radius  of  the  axle  be  3  in. :  what  will  then  be  the  weight  ?    Am,,  466}  lbs. 

9.  What  power  must  be  applied,  in  Ex.  7,  in  order  to  support  a  weight  of  400  lbs.  P 

Am..,  80  lbs. 

10.  With  a  wheel  and  axle  a  power  of  8  lbs.  sustains  a  weight  of  12  lbs. :   what  is  the 

radius  of  the  axle,  that  of  the  wheel  being  24  in.  F    Atu.,  16. 

11.  The  circumference  of  wheel  and  axle  are  respectively  i  yd.  and  15  in. :  what  power 

will  sustain  a  weight  of  1}  tons.    Ant^y  12*5  owt. 

P  X  36  — WXr=3oX  i5»    .'.P=i2'5cwt 

12.  Twflvo  sailors,  exerting  each  a  force  of  80  lbs.,  push  a  capstan  with  a  length  of  lever 

equal  to  6  ft. ;  the  diameter  of  capstan  is  2  ft.  Calculate  the  resistance  which  this 
forco  is  capable  of  sustaining.    An8,<t  2  tons  1 1  cwt.  1  qr.  20  lbs. 

13.  In  the  last  example,  suppose  10  per  cent,  of  the  effort  is  lost  through  friction  and  the 

rigidity  of  the  rope :  what  would  have  been  the  weight  lifted  F  Ana.,  2  tons 
6  cwt.  I  qr.  4  lbs. 

14.  The  diameter  of  a  steering  wheel  is  5  ft.^  and  tho  diameter  of  barrel  is  15  in.;  if  a 

man  applies  a  power  equal  to  200  lbs. :  what  resistance  would  be  overcome  F 
Ana.y  800  lbs. 

15.  If  the  diameter  of  the  barrel  of  the  wheel  be  8  ,  and  the  diameter  of  the  rope  1'; 

weight  200  lbs. :  what  force  must  be  applied  to  the  handle  whose  radius  is  1 8'  F 
Ans,y  15  lbs. 

16.  In  a  wheel  and  axle  the  diameter  of  barrel  was  6%  and  that  of  the  rope  }',  the  crank 

handle  was  14',  and  the  weight  174  lbs. :  what  wa9  tho  force  resisted,  allowing  16 
per  cent,  for  friction  ?    Ana.f  49*5589  lbs. 

17.  In  a  whe.jl  and  axle  tho  barrel  is  9'  diameter,  the  rope  is  ij*  diameter,  the  crank 

liandlo  id  14'  radiuH,  and  tho  weight  to  bo  lifted  300  lbs. :  what  is  the  force  applied 
to  tho  handle,  adding  10  per  cent,  for  friction  F    Ans.y  120*8035  lbs. 

18.  A  machine  is  formed  by  the  combination  of  three  wheels  and  axles;   the  radius  of 

each  wheul  id  four  times  that  of  the  corresponding  axle :  if  the  power  is  4  lbs.,  find 
tho  weight.    Ana.y  256  lbs. 

19.  In  tho  Chinese  wheel  the  length  of  the  power-arm  is  30  in.,  the  radius  of  the  larger 

cylinder  is  3^  in.,  and  the  radius  of  ^e  smaller  3  in. ;  if  tho  power  is  4  lbs.,  find 
the  weight.    Ana,,  480  lbs. 
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10.  A  power  P  acting  by  meaos  of  a  rope  going  over  a  wheel  whose  diameter  ia  6  feet* 
rapports  a  weight  of  320  lbs.,  the  diameter  of  the  axle  is  8  inches,  and  the  rope  is 
2  inches  thick :  what  is  the  value  of  P,  sapposing  the  thickness  of  the  rope  to  be 
taken  into  account  P 

a  I .  The  length  of  an  inclined  plane  is  80  feet,  height  2  feet,  the  weight  of  the  body  a  tonf : 
what  pressure  will  be  required  to  sustain  the  body  on  tho  plane,  friction  being 
neglected  P    Aneufgr,  i  owt. 

23.    If  the  height  of  the  plane  be  3  feet :  what  will  be  the  pressure  P    AnewiTf  i(  owt. 

23.  If  the  friction  in  Ex.  21  be  lA;  of  the  load :  what  must  be  the  pressure  to  move  the 

body  up  the  plane  P    Amwr,  26 1|  lbs. 

24.  If  the  friction  be  ^  of  the  load :  what  will  then  be  the  pressure  P    Amwer^  3  owt. 

25.  The  diameter  of  a  screw  is  7  inches,  and  the  distance  between  the  threads  \  inch: 

what  power  applied  at  the  circumference  of  the  screw  will  support  a  weight  of 
no  Ibe.    Ant.^  1*25  lbs. 

26.  When  the  droumference  of  the  screw  is  12  inches,  and  there  are  three  threads  to  the 

inch :  find  the  weight  that  will  be  supported  by  a  power  of  10  lbs.    An$»f  360  lbs. 

27.  If  the  circumference  described  by  the  end  of  the  lever  be  10  feet,  the  power  10  lbs., 

and  there  be  three  threads  in  2  inches :  find  the  resistance  supported.     An$,^ 
1800  lbs. 

28.  If  the  interval  between  the  threads  of  a  screw  be  1^  of  an  inch,  and  the  circumliBrenoe 

of  the  circle  described  by  the  powers  be  2  feet :  what  resistance  will  a  power  of 
13  lbs.  sustain.    Ana,^  i  ton  10  cwt.  2  qrs.  16  lbs. 

29.  If  the  interval  be  f  of  an  inch,  and  the  radius  of  the  circle  described  by  the  power  be 

a  feet :  find  resistance  which  a  power  of  33  owt.  will  sustain.    Am^  643  tons  8  cwt. 

30.  In  Hunter's  screw  the  drcumforence  of  the  oirde  which  has  the  power-arm  for  radius 

is  6  feet;  the  threads  of  one  screw  are  half-an-inch  apart,  and  those  of  the  other 
one-third  of  an  inch :  show  that  the  advantage  of  the  macdiine  is  432. 

31.  A  weight  of  30  lbs.  balances  a  weight  of  20  lbs.  at  the  extremities  of  a  straight  lever 

15  feet  long :  find  the  length  of  the  arms. 

(30  lbs.  +  20  lbs.)    :    30  lbs.  15  ft.    :    # 

. ' .  «  ^  9  ft,  and  15  ft.  —  9  ft.  =  6  ft    Am, 

32.  If  one  end  of  a  bar  rests  on  a  beam,  and  a  weight  of  50  lbs.  be  suspended  from  it  at 

one-fifth  of  its  length  ftom  the  beam,  what  power  at  the  other  end  will  support  the 
weighty  and  what  will  be  the  pressure  on  the  beam  P 

Let  I  =  the  length  of  beam.    Then, 

j;x  W  =  /xP,/.P  =  iW=iolbs. 
Pressure  on  beam  :=W^'P  =  5o  —  io:=40  lbs. 

33.  A  weight  of  5  tons  is  lifted  by  a  pair  of  blocks,  there  are  4  sheaves  to  each  block,  the 

rope  is  fastened  to  the  upper  block:   what  must  be  the  pull  at  the  free  end, 
supposing  7  per  cent,  be  lost  on  each  sheave  P 

.4iM.— '93  +  '8649  ^-  8044  ^-  -7481  ^-  -6957  -i-  -6470 + '6017  +  '5596 = 5-8514 

the  divisor;   and  5  tons  =  5  X  224^  =  11200  lbs.;  then  11200  -7-  5*8514  ^ 
1914*0  lbs.,  the  pull  required. 

34.  A  weight  of  7  tons  is  lifted  by  a  pair  of  blocks,  there  are  2  sheaves  to  each  block,  the 

rope  is  fastened  to  the  upper  block:   what  must  be  the  pull  on  the  free  end, 
supposing  12  per  cent,  be  lost  at  each  sheave  P 

Am, — '88  +  '7744  +  •6815  +  '5997  =  2*9356 ;  and  7  tons  =  7  Xia240  =  15680  lbs. ; 
then  15680  -7-  2*9356  =:  53413  lbs.,  the  pull  required. 
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MISCELLANEOUS  EXAMPLES. 


Ex.  I.  The  square  of  the  diameter  of  the  fonnel  in  feet  is  equal  to  the  whole  width  of 
the  Are  grate:  the  fire  bars  are  5  feet  6  inches  long,  how  many  square  feet  of  ftn  gnfte 
sorfiioe  aie  there  to  the  square  foot  of  funnel  P 

Let  d  represent  diameter  of  fnnneL 

Then  by  the  question  d*  =  whole  width  of  fire  grate^ 

and  d*  X  S'S  =  Bquare  feet  of  snrfeoe  of  fire  grate» 

also  d*  X  '7854  =  square  feet  of  section  of  fennel. 

4nrW4  =  ^  =  7*^31  nearly. 

Ifac  a.  4  boilers  with  a  furnaces  eaoh,  the  diameter  of  eaoh  fire  grate  is  2  feet  10  iachea: 
how  many  tons  of  ooal  will  be  consumed  per  day,  and  how  many  H.P.  will  be  indioated  f 

In  this  question  it  is  assumed  that  i  ton  of  coal  is  burnt  for  every  feot  width  of  fixe  ban 
(see  Answers  to  Elementary  Questions,  No.  181),  and  that  a(  lbs,  of  ooal' per  hour  is  the 
oonsumpti6n  for  i  H.P. 

Hence  a'  10'  X  4  X  a  =  22'  8'  ^  aa|  tons  per  day. 

And  aa|  tons  X  2340  ^^  34  =z  a  115*55  1^*  P^^  ^o^i 

. ' .  a  1 15-55  -r  »*5  =  846-1 1.H.P. 

AnttPir,    aaf  tons  per  day,  and  846'a  I.HJ?. 

Ez.  3.  The  steam  pipe  is  11  inches  diameter  and  goes  inside  the  boiler;  the  part  indde 
has  slots  5I  inohes  long  and  }  inch  wide :  how  many  slots  must  there  be  to  make  an  area 
equal  to  double  the  sectional  area  of  the  pipe,  and  what  are  those  slots  for  f 

Double  the  area  =  11'  X  '7854  X  >  =  190*0668. 

Area  of  i  slot  =  5f  X  i  =  5'75  X  '^S  =  '•4375» 

.  • .  No.  slots  =  190*0668  -r  1*4375  =  i3***« 

^  111  X  7854JL?  —  n  X  11  X  7854  X  «       1900668  ^     ^ ^^ 

*  sTxT         —         575  X   as  —    1-4375  ^      *  ^^ 

The  slots  are  placed  there  to  prevent  the  water  coming  into  the  cylinder  when  priming. 

Ex.  4.    The  formula  for  rectangular  cross  bars  for  combustion  chamber  crowns  is— 

g 7gcioo^»<  Where  B  =  boiler  pressure. 

^^*  D  =  dist.  apart  of  bars. 

L  =  length  of  bars. 
d  ^  depth  of  bars. 
i  =  thickness  or  width  of  bars. 

The  cross  bars  are  5'  x  fi^  and  24'  apart,  length  of  bars  34':  what  pressure  will  be 
allowed  fn  the  boiler  if  there  are  3  stays  P 

H  X  34*  44  X  1156  27744         ^  ^^^ 

Ez.  5*    What  would  be  the  pressure  if  there  were  four  stays  f 

Increase  =  ^.^^^  >  Where  N  =  No.  of  stays. 

^^+Ji  ^  ^^?^  ~  '^^^  increase  of  pressure. 
Former  pressure  40*549  +  ''^89  =  42*238  lbs.  pressure.    Aimotr, 
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Ez.  6.  A  stay  is  &stened  by  a  doable  eye  to  a  T  angle  iron,  the  bolts  are  i"  diameler, 
the  plates  ('  thick :  what  space  must  be  left  between  the  hole  and  the  edge  of  the  plate  P 

The  area  of  the  hole  should  be  equal  to  the  area  of  section  of  plate  between  the  hole  and 
theedge. 

Here  length  X  J*  =  i  X  1  X  -7854, 

.  * .  Length  =  i  X  i  X  7854  -f*  *5  ^  15708  inches.    Antwer. 

Ex.  7*  If  8000  lbs.  is  the  strain  allowed  on  iron  plates,  what  would  be  the  pressure  on  a 
Mler  I  a  feet  in  diameter,  double  riyetted,  }'  rivets,  and  a^*  pitch,  thickness  of  plate  |', 
oroflsingB  not  to  be  taken  into  account  P 

p = ^^ = ?55^^* = 83-33  n* 

Then  83*33  X  '64141  =  53*445  lbs.  pressure. 

Ex.  8.  The  stays  of  a  boiler  are  la"  apart  and  one  of  them  breaks,  thus  throwing  mora 
strain  on  the  four  stays  that  surround  the  broken  one;  they  are  i§*  diameter,  and  the 
pressure  is  70  lbs.  per  square  inch :  what  extra  strain  per  square  inch  will  be  on  the  stays 
if  we  allow  |  more  than  each  had  at  first  P 

If  =  I  '625  "r6al«  X  ^*  =  ^^""'S  lbs.,  strain  per  square  inch. 

Ex.  9.  How  fur  apart  should  the  stays  be  pitched  when  the  pressure  is  48  lbs.  per  square 
inch  and  the  plates  1^  thick  P 

IVmnula.    B  =  ^t^'^^^'  +  6  8  =  surfiM»  supported  by  i  sUy. 

^  B  ^  boUer  pressure. 

T  ==  thickness  of  plate  in  i6ths. 
OiN^tofi.— Remember  that  T  must  be  sixteenths,  then  if  the  thickness  of  plate  were  |,  then 
|  =  «. 

6oIz+il!  +  6==^^  +  6==?^  +  6==86squareinohes.    Annar 
. ' .  V'*  86  =  9*a73  inches,  the  pitch.    Antwer, 

Ex.  10.    What  is  the  least  diameter  of  one  of  these  stays  P 

Total  pressure  =  8x3  =  86X48  =  4ia8. 
Area  of  stay  =:  4ia8  -£-  5000  =  '8356. 

.  * .  •v^lUfl  =  V  i'05ia  =  i-oa  inch.    Amwer, 

Ex.  II.  The  stays  of  a  boUer  are  to  be  fixed  by  collars,  the  depth  of  the  oollars  being  3 
times  the  thickness,  the  diameter  of  stays  i}'  c  what  size  must  the  end  be  swelled  out  to 
to  have  uniform  strength  of  bar  P 

Midi.    I>=«+(lf +  ^/~)^-    Whereii  =  4,i*=ir. 

D  =  I  +  (^^  +  ^*^)  1-875  =  I  +  ('oa  +  a  =)  o-aa  =  raa. 

Then  i*aa  X  1*875  =3  2*38750.    Amwr, 
4)-o8 

'oa  .  * .  1/4^  ^  a  is  -^  =  *a,  and  1*875 

*  faa 


3750 
33500 

3*38750 
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According  to  the  Board  of  Trade  instructloiiB,  circular  fnmaoes  with  the  longitndiiia 
joint  welded  or  made  with  a  butt  strap, 

90000  X  the  Ajuare  of  the  thickness  of  plates  in  Inches 4..  ^  -«v,v;«**  nf^^MmvA  «ww>  An   in 

^^^^(iei^  lETfeS +7)  x-dis^SeteTiEEch^ =  ^®  ^'«^««  preMure  per  8q.  in. 

Without  the  Board's  special  approval  of  the  plates  the  pressure  in  no  case  to  ezoeed 

8000  X  thicknesB  in  inchea 
diameter  in  inches 

Ex.  12.  Find  the  working  pressure  when  the  diameter  is  37",  length  6'  9',  and  thiokwwi 
of  plates  f '• 

First,  ^J"  ?  ^  i  =  44-1  lbs. 

Second,  ^-^IT"*  =  8»  1^ 

Therefore  the  working  pressure  must  be  44*1  lbs. 

£x.  13.  Upon  every  square  foot  of  fir^  grate  is  burnt  1 1  lbs.  of  coal  per  hour,  each  lb.  of 
coal  evaporates  7*1  lbs.  of  water,  the  superheater  has  3*1  cubic  feet  of  capacity  for  every 
square  foot  of  fire  grate,  and  the  volume  is  512  times  that  of  water :  what  is  the  avenge 
tbae  each  portion  of  steam  remains  in  the  superheater  ? 

Evaporation,  in  cubic  feet  of  water  ^  ^'^  "  =  1*2496. 

Evaporation,  in  cubic  feet  of  steam  :=  i'2496  X  512  =  639*7952  volume, 
.'.  639*7952    :    3*1  3600"    :     17*44 seconds.    -^MMOwr. 

Ex.  14.  If  I  lb.  of  coal  evaporates  7*5  lbs.  of  water  when  the  gauge  is  at  $5  1^*  *  ^^ 
many  cubic  feet  of  steam  will  this  be  for  i  lb.  of  coal  ? 

^^^^     ~  ^  (where  P  :=  gross  pressure)  may  be  taken  as  what  i  lb.  of  water  will  expand  to. 

Here  ^^^ft^^  =  ^^5^^^  =  6021  cubic  feet  of  steam  for  i  lb.  of  coal. 

70  -f  1  71 

.  * .  6*021  X  7*5  s=  45*>75  cubic  feet  of  steam.    Amwer, 

Ex.  15.  The  boiler  contains  60  tons  of  fresh  water  on  starting  on  a  voyage.  The  water 
in  the  hot-well,  through  some  leak,  is  *i  of  the  saltness  of  the  sea :  how  many  tons  of  water 
must  have  been  evaporated  during  the  voyage,  the  water  in  the  boiler  at  the  end  of  the 
voyage  being  2*2  times  the  saltness  of  the  sea  P 

^'f  :=  22  times  as  much  salt  as  at  starting, 
then  22  X  60  =:  1320  tons  evaporated.    Antwer, 

Ex.  16.  The  horse-power  of  an  engine  is  140,  the  boiler  15  feet  long,  diameter  16  fset, 
the  water  shows  in  the  glass  7  inches.  The  engine  uses  20  lbs.  of  steam  per  H.P.  per  hoar: 
how  long  will  the  water  remain  in  the  glass  after  the  feed  is  shut  off  f 

7  inches  =  ^A  of  i  foot. 
Trme  water  remains  in  boiler  =  'J_X  i6  X  A  X  64  _  j«.,^  g, 

140   X    *0  -»  77 

Ex.  17.  A  boiler  with  140  cubic  feet  at  water  level  and  60  lbs.  pressure ;  a  |'  rivet  is  oat 
of  the  boiler  bottom :  how  long  mil  it  take  to  blow  8'  down  f 

Midi.    2\  d^  V^  =  cubic  feet  blown  out  per  minute. 

Oubic  feet  to  be  blown  out  =  140  X  f  =  93*333*  fto., 

CJubic  feet  blown  out  per  minute  =  f  *  X  2J  |/6o  =  '875  X  '875  X  a*5  X  7*74^ 

=  14*826328125, 

. ' .  Time  to  blow  out  contents  of  boiler  =  93*333,  &o.,  -r  14*826328125  =  6<"  i8*  neariy. 


Miseettaneaus  ExampUi,  445 


Ex.  18.    A  rectangtilar  boiler  is  16  ft.  2  in.  long,  11  ft.  i  in.  wide,  and  9  ft.  3  in.  high : 
what  would  be  the  ooet  of  cementing  the  two  sides  and  the  top  at  8b.  4d.  per  square  yard  F 

Area  of  top  =  16'  2"  X  "'  i"  =  194*  X  133*  =  ^5802  «!•  inches. 
2  sides  =  2  (16'  2*  X  9'  3')  =  a  X  i94  X  m   =  43^68         „ 

68870         „ 
.  * .  I  sq.  yard  =:  9  sq.  feet  r=  144  sq.  inches  X  9  =  1296  sq.  inches. 
.  * .  1296    :     68870    : :     88. 4d.         x, 

Ex.  19.    A  boiler  14  ft.  6  in.  by  13  ft.  9  in.  is  to  be  covered  with  lead,  and  this  must  lap 
over  7^  inches :  what  will  be  the  ooet  at  5d.  per  lb.  if  i  sq.  fbot  of  this  lead  weighs  8  lbs.  P 

The  sheet  of  lead  must  be  twice  7^*  broader  and  longer  than  boiler,  that  ia,  14'  6'  -{-  i'  3' 
^  15'  9'  long,  and  13'  9*  +  i'  3'  =  15'  broad. 

• '  •  '5*75  X  15  =  »36'25  square  feet. 

But  from  this  we  haye  to  deduct  4  comers  7^'  square  =  7*5  X  7*5  X  4  -7-  X44  =  i*S^^S 
square  feet. 

236*25  square  feet 
Deduct  for  4  comers     i  '5625 

»34'6875 
8 


,^     1877-5^^  lbs. 
Oost  per  lb.  5 

11)9387  5d. 
a»o)76»5  7 


Cz%  50.  7id.    Atmo». 

Ex.  20.  A  boiler  13  ft.  9  in.  by  12  ft.  8  in.  has  to  be  covered  with  lead,  and  this  lead 
must  overlap  8^  inches :  what  will  be  the  oost  at  3id.  per  lb.  if  i  square  foot  of  lead  weighs 
81be.P 

It  is  evident  that  the  sheet  of  lead  must  be  twice  8^  inohee  broader  and  longer  than  the 
boiler,  that  is,  13  ft.  9  in.  +  i  ft.  5  in.  :=  15  ft  2  in.  long;  and  I2ft.8in.+  ift5in.  = 
14  ft  I  in.  broad  ^  213*5972. 

But  from  thifl  deduct  4  comers  8^  inches  square,  that  is,  8*5  x  8*5  X  4  t*  '44  =  2*0069 
square  fidet 

^'3*5972  Then  i692'7a24  lbs. 

—  2*0069  3*75d. 

211*5903  square  feet.  84636120 

8  lbs.  1 18490568 


1692*7224  lbs.  of  lead. 


50781672 


ii)6347*70900o 


2,0)52,8  II 


^26  8s.  ii|d. 

Ex.  21.  The  top  of  a  rectangular  boiler  is  to  be  covered  with  lead,  which  has  to  be 
turned  down  over  the  sides  a  certain  distance :  what  will  be  the  ooet  of  the  lead  P  Length 
of  lead  13  ft  9  in. ;  breadth  12  ft.  8  in. ;  over-lap  8^  in. ;  weight  of  lead  per  sq.  ft.  8  lbs.  \ 
oost  3|d.  per  lb. 
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In  tiufl  example  the  lead  is  13  ft.  9  in.  by  12  ft.  8  in.   =  174*1666  sq.  ft. 
From  this  deduct  the  4  comers  =  8*5  X  8*5  X  4  -r*  '44  =  —  2*0764     „ 

172*0902         „ 

Lbs.  of  lead  =  172*0902  sq.  ft.  X  8  lbs.  =:  1376*7216, 

And  1376*7216  X  3}  =  5i62*7o6od. 

=  £ii  lofl.  2*7d.,  or  £21  108. 2|d.y  nearly. 

Ez.  22.  A  compound  engine  has  a  steam  receiver  round  the  H.P.  cylinder  eqnal  in 
diameter  to  the  L.P.  cylinder ;  steam  chest  for  slides  is  between  the  cylinders ;  distance 
between  the  centres  of  cylinders  61  in. ;  diameter  of  L.P.  cylinder  47  in.,  and  depth  50  in. : 
how  many  square  feet  of  felting  will  be  required  to  coTer  it  ? 

Since  there  is  a  half  circumference  at  each  end,  therefore, 

Oircumference  =  3*1416  X  47  =  k47'6552. 

. ' .  147*6552  X  50  =  7382*7600  inches  for  the  two  half  cylinders. 

61  X  50  X  2  =  6100  square  inches  for  rides  of  chest. 

Then  7382*76  4-  6100  =  13482*76  square  inches. 

And  13482*76  square  inches  -7- 144  =:  93*630,  &a,  square  fbet. 

Antwer,  93*63  square  feet  of  felt. 

Ex.  23.    Formula  ^\     =  D'.       Where  d  =  diameter  of  crank-ahaft, 

t  ^  length  of  stroke  in  feet, 
D  =  diameter  of  cylinder. 

Qutition. — ^A  crank-shaft  is  15'  diameter,  the  length  of  the  stroke  is  3'  6%  the  presRnre 
about  30  lbs. :  what  diameter  of  cylinder  will  that  siae  crank  require  according  to  the 
above  formula  P 

6:«d.  _ 6*?j  X  i^^ X  15  X  15  ^  53,^.^  .^j,^ ^f  diameter. 

W  6316*07  =  79*47  inches.    Asmoer. 


.   . 


CfFLINDBBS,  SLEDE- VALVES,  &c. 

.  Ez.  24.  An  inverted  cylinder,  the  length  of  the  stroke  is  48  inches,  the  length  of  the 
oonnectijig-rod  is  8.  feet,  the  piston  is  x8  inches  from  the  bottom  of  the  cylinder :  what  ii 
the  distance  from  the  centre  of  the  cross-head  to  the  centre  of  the  crank-shaft  F 

If  the  piston  were  at  half  stroke,  that  is,  24  inches  from  the  bottom,  then  the  distance 
between  the  required  points  would  be  exactly  equal  to  the  length  of  the  connecting-rod, 
via.,  8  feet;  but  as  the  piston  is  only  18  inches  from  the  bottom,  the  cross-head  must  be  6 
inches  down,  therefore  the  distance  is  7  feet  6  inches. 

\  stroke    24  in.  Length  of  connecting-rod    8  ft.  o  in. 

18  Down  (subtract)  6 

Down         6  7  ft.  6  in.    Anawtr. 

Amnmi^.— Stroke  43  inohes,  comeoting-rod  7}  feet,  piston  16  inches  from  bottom. 
7  feet  I  inch.    Afmotr. 

SxampU, — Stroke  36  inches,  connecting-rod  7  feet,  piston  14  inohes  from  bottom. 
6  feet  8  inches.    Antwer, 

.  Ex.  25.    The  length  of  a  connecting-rod  is  6  feet,  length  of  piston-rod,  from  the  ooUar  to 
eentee  of  the  cross-head,  66  inches,  thickness  of  piston  is  4  inches,  and  the  cover  enten 
2^  inches,  the  length  of  stroke  is  40  inches,  and  the  clearance  is  i  inch :  what 
distance  from  the  top  of  cylinder  to  centre  of  crank-shaft  P 
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IKttjf .^Add  together  Kaff  the  length  qf  stroke, 

length  of  eonneeting-rod, 
length  of  pietOH'Tod, 
depth,  or  thickneu  ofpieton, 
what  cover  enters  e^Hnder, 
and  elearanee. 

The  Bum  of  these  is  the  distance  from  the  top  of  cylinder  to  centre  of  ihait 

i  length  of  stroke  (=  ^  of  40*}  ^  i  it.  8  in. 

Length  of  connecting-rod  =  6  ,,  o  „ 

Length  of  piston-rod  sz  $  „  6  „ 

Thickness  of  piston  ^  o  ,,  4  „ 

OoTer  enters  cylinder  ^  o  „  3^  „ 

Oleorance  =  o  „  o|,, 

Dist  fromtopof  cylinder  to  centre  of  shaft  ^13  „  9  „ 

Sxample, — ^The  length  of  the  connecting-rod  is  7  feet  9  inches,  the  piston  is  7a  inchee 
from  the  collar  to  the  centre  of  the  cross-head,  the  piston  4I  inches  thick,  length  of  stroke 
48  inches,  cover  is  1}  inch  into  cylinder,  and  the  dearance  is  f  inch :  what  is  the  luigth 
from  the  top  of  the  cylinder  to  the  centre  of  the  shaft  P 

Length  =  7'  9'  -f  6'  o*  -f  4f*  -f  2'  o'. 

Length  =  2' o*  (=  J  stroke) -f  7' 9* -f  6' o' -f  4|' -f.  If -f  f' =  16' 4j'.    Aimper. 

Ez.  36.  A  slide-valve  has  9*  travel,  2^  lap  on  the  steam  side  and  -/^  on  the  ezhanst 
side^  and  ('  lead :  to  what  extent  is  the  exhaust  port  open  when  the  piston  is  at  the  extreme 
endof  the  stroke. 

Distance  from  mid-position  to  where  open  for  lead  ^  2  J  -^  ^  ^  2|. 
Distance  exhanst  port  is  open  =  2f  —  A  =  2  A. 

Ex.  27.  A  cylinder  port  is  20*  long  X  2}'  broad,  the  valve  has  i^'  li^,  and  6y  travel : 
find  the  greatest  area  the  valve  is  open  for  steam. 

t  full  travel      =  3|'  Depthof  port  =  2!' 

actoal  travel  =  3}  Unopenea  of 

Unopened  i  Open  a 

Area  =  20'  X  2'  =:  40  square  inches.    Answer, 

379.  The  pressure  forcing  the  slide  upon  the  cylinder  fiEU^e  depends  a 
good  deal  upon  the  state  of  the  surface ;  but  in  a  common  slide  it  is  never 
far  from  equal  to  the  difference  between  the  pressure  per  square  inch  in  the 
casing  and  the  back  pressure  in  the  exhaust  passage,  calculated  for  an  area 
equal  to  the  area  of  one  steam  port. 

Ex.  28.  Port  in  slide  22  in.  by  9  in.,  cylinder  &ce  22  in.  by  i^  in.,  pressure  by  steam 
gauge  45  lbs.,  back  pressure  4  lbs. 

Area  of  valve  =  9"  X  2a'  ^  198  sq.  inches.  Gkiuge  pressure    45  lbs. 


„       steam  port  =  i  J*  X  22"  =:    33         „  Atmospheric  „     15 

Sum  of  areas  =  231         „  Gross  „     60 

Back  „— 4 

Effective       „     56 
.  * .  Pressure  on  valve  =  231  X  56  =  12936  lbs.    Answer. 


9» 


Ex.  29.  A  common  slide  port  is  22'  by  18',  and  the  steam  port  3'  5'  wide ;  steam  gauge 
shows  60  lbs.,  pressure  in  the  exhaust  19  lbs. :  what  is  the  effective  pressure  pressing  the 
valve  to  the  fiioe  f 
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In  this  example  the  lead  is  13  ft.  9  in.  by  12  ft.  8  in.    =  174*1666  sq.  ft. 
From  this  deduct  the  4  comers  =  85  X  8*5  X  4  -r*  '44  =  —  3*0764     „ 

1 72*0902         „ 

Lbe.  of  lead  =  172*0902  sq.  ft.  X  8  lbs.  =  1376*7216, 

And  1376*7216  X  3}  ^  5i62*7o6od. 

^=:  £21  xofl.  2'7d.,  or  1C21  los.  2|d.y  nearly. 

Ex.  22.  A  compound  engine  has  a  steam  receiver  round  the  H.P.  cylinder  equal  in 
diameter  to  the  L.P.  cylinder ;  steam  chest  for  slides  is  between  the  cylinders ;  distance 
between  the  centres  of  cylinders  61  in. ;  diameter  of  L.P.  cylinder  47  in.,  and  depth  50  in. : 
how  many  square  feet  of  felting  will  be  required  to  cover  it  ? 

Since  there  is  a  half  circumference  at  each  end,  therefore, 

Oircumference  ==  3' 141 6  X  47  =  147*6552. 

. ' .  147*6552  X  50  =  7382*7600  inches  for  the  two  half  cylinders. 

61  X  50  X  2  =  6100  square  inches  for  ndee  of  chest. 

Then  7382*76  +  6100  =  13482*76  square  inches. 

And  13482*76  square  inches  -7- 144  =  93*630,  &a,  square  fSoet. 

'^nato^Tf  93*63  square  feet  of  felt. 

Ex.  23.    Formula  ^\     =  D*.       Where  d  =  diameter  of  crank-shaft, 

t  =  length  of  stroke  in  feet, 
D=  diameter  of  cylinder. 

Qutttitm.'^A  crank-shaft  is  15'  diameter,  the  length  of  the  stroke  is  3'  6%  the  pressure 
about  30  lbs. :  what  diameter  of  cylinder  will  that  siae  crank  require  according  to  the 
above  Ibrmula  P 

6:s5^  _ 6*55  X  is^x  15  X  15  _  ^3,^.^  ^,^  ^^ diameter. 


''  <W  6316*07  =  79*47  inches.    Anawir. 


CfFLINDBBS,  SLEDE- VALVES,  &c. 

Ex.  24.  An  inverted  cylinder,  the  length  of  the  stroke  is  48  inches,  the  length  of  the 
oonnecting-rod  is  8  fiset,  the  piston  is  18  inches  from  the  bottom  of  the  cylinder :  what  is 
the  distance  from  the  centre  of  the  cross-head  to  the  centre  of  the  crank-shaft  P 


If  the  piston  were  at  half  stroke,  that  is,  24  inches  from  the  bottom,  then  the  dii 
between  the  required  points  would  be  exactly  equal  to  the  length  of  the  connecting-rod, 
via.,  8  fset;  but  as  the  piston  is  only  18  inches  from  the  bottom,  the  cross-head  must  be  6 
Inches  down,  therefore  the  distance  is  7  feet  6  inches. 

i  stroke    Hin.  Length  of  connecting-rod    8  ft.  o  in. 

18  Down  (subtract)  6 

Down         6  7  ft.  6  in.    Armo$r. 

Amnmi^.— Stroke  43  inohei,  comeoting-rod  7}  feet,  piston  16  inches  from  bottom. 
7  feet  I  inch.    Anawir. 

JBtampU, — Stroke  36  inches,  connecting-rod  7  feet,  piston  14  inches  i^m  bottom. 
6  feet  8  inches.    AnttMr. 

Ex.  25.  The  length  of  a  connecting-rod  is  6  fdet,  length  of  piston-rod,  from  the  collar  to 
the  centre  of  the  cross-head,  66  inches,  thickness  of  piston  is  4  inches,  and  the  cover  enters 
tile  cylinder  2}  inches,  the  length  of  stroke  is  40  inches,  and  the  clearance  is  i  inch :  what 
is  the  distance  from  the  top  of  cylinder  to  centre  of  crank-shaft  P 
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iittjf.— Add  together  haffthe  length  qf  stroke, 

length  of  ccnneeting^rod, 
length  of  piaton-rody 
depth,  or  thickness  of  piston, 
what  cover  enters  e^linder, 
and  elearanee. 

The  Bum  of  these  is  the  distance  from  the  top  of  cylinder  to  oentre  of  ihait 

}  length  of  stroke  (=  }  of  40*}  =  i  ft.  8  in. 

Length  of  conneoting-rod  =  6  „  o  „ 

Length  of  piston-rod  ^  $  „  6  „ 

Thickness  of  piston  =  o  ,,  4  „ 

Cover  enters  cylinder  =:  o  „  2^  „ 

Oiearance  =  o  „  o|„ 

Dist  from  top  of  cylinder  to  oentre  of  shaft  ^=13  „  9  „ 

Sxample. — ^The  length  of  the  conneoting-rod  is  7  feet  9  inches,  the  piston  is  72  inohee 
from  the  collar  to  the  centre  of  the  cross-head,  the  piston  4I  inches  thick,  length  of  stroke 
48  inches,  cover  is  1}  inch  into  cylinder,  and  the  dearance  is  f  inch :  what  is  the  luigth 
from  the  top  of  the  cylinder  to  the  centre  of  the  shaft  ? 

Length  =  7'  9'  -f  6'  o*  -f  4f  •  +  2'  o*. 

Length  =  2'  o*  (=  J  stroke)  +  7'  9'  +  6'  o'  +  4*'  +  '*'  +  T  =  1 6'  4i'.    Jinswer. 

Ez.  26.  A  slide-valve  has  9'  travel,  2  J'  lap  on  the  steam  side  and  ^  on  the  ezhanst 
side,  and  Y  ^^  •  ^  what  extent  is  the  exhaust  port  open  when  the  piston  is  at  the  extreme 
end  of  the  stroke. 

Distance  from  mid-position  to  where  open  for  lead  =:  2^  -^  ^  =  2|. 
Distance  exhanst  port  is  open  =  af  —  A  =  'A* 

Ex.  27.  A  cylinder  port  is  20*  long  X  ^Y  broad,  the  valve  has  i^'  lap,  and  6J'  travel : 
find  the  greatest  area  the  valve  is  open  for  steam. 

t  full  travel      =  af '  Depthof  port  =  2I' 

actoal  travel  ^  3I  Unopenea  of 

Unopened  (  Open  2 

Area  =  20'  X  2'  =  40  sqnare  inches.    Answer. 

379.  The  pressure  forcing  the  slide  upon  the  cylinder  face  depends  a 
good  deal  upon  the  state  of  the  surface ;  but  in  a  common  slide  it  is  never 
far  from  equal  to  the  difference  between  the  pressure  per  square  inch  in  the 
casing  and  the  back  pressure  in  the  exhaust  passage,  calculated  for  an  area 
equal  to  the  area  of  one  steam  port. 

Ex.  28.  Port  in  slide  2a  in.  hy  9  in.,  cylinder  &ce  22  in.  by  i^  in.,  pressure  by  steam 
gange  45  lbs.,  back  pressure  4  lbs. 

Area  of  valve  =  9"  X  ^^''  =  19S  Bq.  inches.  Gkioge  pressore    45  lbs. 

„        steamport=  iJ'X  2a'=    33         f>  Atmospheric,,      15   „ 


Sum  of  areas  =  231         „  Gross  „     60 

Back  „—  4 

Effective  „     $6 
. ' .  Pressure  on  valve  =  231  X  56  =  12936  lbs.    Answer, 


19 


Ex.  29.  A  common  slide  port  is  22'  by  18',  and  the  steam  port  3'  s*  wide;  steam  gauge 
shows  60  lbs.,  pressure  in  the  exhaust  19  lbs. :  what  is  the  effective  pressure  pressing  the 
valve  to  the  fiioe  P 
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SmU. — Add  the  arta  of  the  valve  port  to  the  wrm  of  the  gteamport,  mtd  wmtHfip  ih$ 
the  efeetive  preeeure  of  the  steam. 

12'  X  i8*  =  396 ;  12'  X  3'*5  X  77o;  ^  +  *5  (=  75)  —  19  =  5^ lbs. 
Then  396  +  77  =  473,  and  473  X  5^  =  »M*  1^- 

Ex.  30.    The  preflBnre  in  the  high  pressure  alide-TalTe  eating  is  70  Ibs^  the  ilida  fMse  is 
28  in.  by  13  in.,  the  ateam  part  is  18  in.  by  3  in. :  what  ia  the  weight  on  the  alide-TalTe  hobf 

Slide  face  =  28  X  13  ^  3^  sq.  inches.    Steam  port  ^  28  X  3  =  84  sq.  inohea. 

. ' .  364  —  84  =  280. 
Weight  on  sHde-yalTO  hoe  =  280  X  70  ^  19600  Iba.    Amwer. 


BOLTS  ON  OONDENSEB  DOOBS,  OYLINDEB  OOYEBS,  fto. 

Ex.  31.    If  14  bolts  are  pitched  at  4^%  how  &r  is  it  from  oataide  centre  to  outside  centre? 

As  there  are  14  holes  there  most  be  13  pitch  spaces  between  them;  therefinoy  4**5  X  13 
=  58"5  =  4'  loj*.    Anetver. 

Ex.  32.  From  outside  centre  to  ootside  centre  is  3'  9' :  what  must  be  the  pitch  when 
there  are  9  bolts  t  Antwer,  $¥- 

Ex.  33.  How  many  bolts  must  there  be  when  the  distance  from  outside  centre  to  outside 
centre  is  ^  i)*,  and  the  pitch  is  5I*. 

No.  of  pitch  spaces  =  ^'//f  ^  ii*  . ' .  12  holes,    Anewir,  12  holes. 

Ex.  34.  A  condenser  door  is  5'  6*  by  4'  3' ;  there  are  20  bolts  one  way  and  16  the  other : 
And  the  number  of  bolts  and  the  pitdh,  if  the  centres  of  the  outside  bolts  be  ij'  from  the 
edge  of  the  plate. 

Length  between  centres  of  outside  bolts  ^66'  —  2)'  ^  63)'. 

Pitch  (one  way)  63*5  ^  19  =  3*3421. 

Breadth  between  centre  of  outside  bolts  =  51'  —  2}'  :=  48}'. 

Pitch  (the  other  way)  48*5  -i-  15  =  3*23. 

Number  of  bolts  20  4-  20  -{-  '4  +  ^4  =  ^8.    Atuwer. 

XT       i*  V  li.  (diameter  of  cover  —  2  distance  of  bolts  from  edge)  X  3*1416 

No.  Of  bolts  = Space  between  bolts. 

Ex.  35.  The  bolts  of  a  cylinder  cover  are  to  be  spaced  not  wider  than  21V  inches,  centre 
to  centre,  measuring  on  the  circle ;  the  cover  is  27  inches  diameter,  and  the  centres  of  the 
bolts  are  2  inches  from  the  edge  of  the  cover :  how  many  bolts  are  there  ? 

23  in*  X  3'i4>^  =  72*2568  :=  circumference  of  bolt  circle. 

27  inches  =  diameter  of  cover.  3*1416  -^  inch  =  '1875 

4     ,,      =:  twice  space  from  edge.  23  ( 4)3*oo 

—  16  {    

23     „      =:  diameter  of  bolt  circle.  94248  1 4)  *75 

62832 


•'875 


k 


72*2568 
Then  prefixing  the  2  we  have, 

2iV  inches  =  2*1875. 
Then  taking  2^  inches  (=:  2*1875)  as  the  space  between  the  centres  of  the  bolts  we  get 

V.'faW  =  33'03  =  ^0  number  of  bolts. 

2'i875)72*2568(33*03  No.  of  bolts. 
65625 

66318 
65625 

69300 
65625 
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EXAlfPTiUft  FOB   PBAOnOB. 

I>iA.of  Dial  of  Bolts  Dia.  of  Bist  of  Bolts 

Oover.  Spaoe  apart.       fkomedge.  Corer.  Spaoe  apart.      fh>medge. 

1.  70  inches.      4^  inchefl.      scinches.  3.    44inohefl.      5|inohe0.      i|inohe6. 

2.  38      »>  5        i>  4      w  4«    74      »  4      »  4      » 

Anmoeri, 

1.  70  —  4j  =  65 J  X  3*»4i^  -r  4j  =  *50'7748o  -f-  V5  =  45'7»7  <«  4^  bolto. 

2.  38  —  3  =  35  X  3*«4i^  -?-  5  =  109*9560  -r  5  =  21*9912  or  22  bolts. 

3.  44  —  3j  =  40J;  40*5  X  3H'6  -r  5*5  =  127-23480  -i-  5*5  =  23-13  bolts. 

4-    74  —  5J  =  68f ;  68J  X  3'4i6  -r  6}  =  215*985  -f-  675  =  3''99  0»  3>  bolto. 

WEiaHT  OF  MATERIAL. 

Ex.  36.  The  seal  of  a  rectangular  brass  is  14',  depth  15',  length  16',  the  shaft  is  12' 
diameter,  and  the  flanges  are  17'  square  and  ij'  thick:  what  is  the  weight  ot  two  half 
brasses  at  *3  of  a  lb.  per  cubic  inch  P 

rUOrSli.  8BAT.  MATT. 


17 

«7 

«4 
«5 

70 
14 

210 
—  113*0976 

.  -7854 
i2»  =s  144 

119 

17 

289 
—  "3*0976 

3141^ 
3*41^ 
7854 

113*0976 

175-9024 
igth     3 

96*9024 
Length   16 

5277072 
+  15504382 

5814144 
969024 

2078*1454 
•3 

1550-4384 

Am,    623*44362  lbs. 

Bz.  37.  AT  headed  piston-rod's  dimensions  are  1 1'  9' oyer  all,  and  7' diameter,  the  T 
head  being  28*  long^  10*  wide,  and  4"^  thick :  what  is  the  weight  if  3*6  cubic  inches  weigh 
ilb.P 

Onbic  inches  in  the  rod  part  =  7'  X  '7854  X  (141'  —  4*)  =  5272*3902 
M  Thead  =  28  X  10  X  4  =1120 

Total    =  6392*3902 
Then  6392*3902  -f-  3*6  =  177*566,  ^,  lbs.  c=  i  cwt.  2  gn.  9*566  lbs.    Amwer, 

Ex.  38.  If  a  piston  is  43'  diameter,  and  assuming  it  to  be  4^*  thiok  throughout :  what 
should  it  weigh  If  3*8  onbio  inches  of  cast  iron  weigh  i  lb.  t 

Weight  =  ^'  ""  ^^  ""  ^*^ -  1624*1762  lbt« 

43  X  43  (=  "849)  X   7854  (=  «45»»o4^)  X  4*»5  =  6i7i8"^55- 
61718*6955  '^  3*8  =  1624*1762  Ibe. 

1624*1762  lbs.  =  14  cwt  2  qrs.    Antwir. 

Bz.  39.  A  packing  ring  for  a  cylinder  31  inches  diameter,  before  being  cut  was  32  inches 
diameter :  how  much  should  be  cut  out  of  the  circumference  to  make  it  fit  the  cylinder  P 

Difference  of  diameters  X  3*1416  ^  inches  to  be  out  out. 
Diameter  32  inches.                                               3*1416 
n       3'  1 

Difftofdia.  I  3*1416  iiiohei» 

Ana.:  3*1416  inches  to  be  cut  out 

uuu 
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Ex.  40.  A  packing  ring  for  a  cylinder  is  89  inches  diameter,  before  being  cut  was  91} 
inches ;  how  much  should  be  cut  out  of  it  to  make  it  fit  the  cylinder  F 

Difference  of  diameters  =  91^  —  89  ^  2}  inches. 

si  X  3*141 6  =  7  0686  inches  to  be  cut. 
91J  r»4i6, 

7*0686  inohes. 

Bz«  41.  Find  tiie  fl.P.  ezetted  by  a  pnmp  in  pnmping  out  a  tank  36  feet  long,  34  feet 
wide,  and  4  feet  deep,  the  top  of  which  is  20  feet  below  the  level  of  the  sea.  A  oubio  foot 
of  sea  water  weighs  64  lbs.,  and  3 1000  lbs.  of  wator  raised  i  foot  high  in  one  hour  are  equal 
io  one  H.P. ;  it  took  6  hours  to  pump  the  tank  out. 

Weight  of  water  to  be  lifted  =  36  X  H  X  4  X  64  =  221184  lbs. 
Total  height  tiie  water  is  lifted  20  +  4  =  24  feet. 
Footpounds  expended  =  22x184  X  24  =:  5308416. 

„  „  in  I  hour  =  53084x6  -7-  ^  =  884736. 

.  * .  H.P.  =:  884736  -7-  3x000  =  28*54.    Anawtr, 

Ez.  42.  A  tank  38  feet  by  22  feet  9  inches,  and  4  feet  6  inches  high :  how  long  will  it 
take  to  pnmp  it  out  by  a  double-acting  donkey,  the  diameter  of  whose  piston  is  8  inobeS| 
stroke  12  inches,  revolutions  per  minute  85,  if  x  2  per  cent,  is  non-efficient  P 

X2  per  cent,  non-efficient  :=  88  per  cent,  efficient. 

Work  to  be  done  =  38'  x  »2''75  X  4''5  =  3890*25  cubic  feet. 

Work  per  minute  done  by  pump  =  '7854  X  S*  X  12  X  170  X  iVk  -r  '7*8  =  52»2a  on.  ft. 

.  * .  Tixne  required  to  pump  out  =  3890*25  -7. 52*22  =:  74*49,  &0.9  minutes.    Am. 

Ez.  43.  Diameter  of  high  pressure  cylinder  is  32',  stroke  33*,  the  steam  is  carried  for  \ 
stroke  t  if  there  are  1200  cubic  feet  of  steam  capacity  in  the  boiler,  how  many  strokes  will 
be  required  to  draw  that  amount  off  P 

Oubio  fiset  each  stroke  ^  '7854  X  3>'  X  V  -7- 17*8  =  5*1196,  fto. 

. ' .  No.  of  strokes  ^  laoo  -f-  5*1 196  =  234*3,  fto.    Anmoir. 

Ex.  44.  The  e£Eeotive  pressure  per  square  inch  on  the  surfeoe  of  a  piston  is  40  lbs.,  the 
total  pressure  30  tons :  what  is  the  diameter  of  the  piston  P 

Dbmeter  of  piston  =  V^^.^ 

Total  pressure  in  lbs.  =  2240  x  30  =:  67200  lbs. 

Area  of  piston  =  40  x  7854  =  31*4x6. 

.  * .  V67«oot*3''4'^  =  V  >' 39*0374  =  46*24  or  46J  inohes.    Antwir, 

Ex.  45.  The  effective  pressure  per  square  inch  of  a  piston  is  30  lbs.,  the  total  pressure  is 
so  tons ;  what  is  the  diameter  of  the  piston  P    Antwiff  43*6  inches. 

Ex.  46.  Total  pressure  xx  toxis  7  owt.  o  qr.  13  lbs.,  effective  pressure  per  square  inch 
16  lbs.    Ant%p&r,  44*99  inohes. 

Ex.  47.  A  lead  wire  *o49  inch  diameter  is  used  for  testing  the  a^ustment  of  the  oraak- 
shaft  brasses ;  it  is  flattened  to  bo  J  inch  broad :  how  many  thicknesses  of  it  will  make  one 
inchP 

area=<f"  X  1^5^ 

Thickness  =  ^^^  ^^i^^  =  number  of  thicknesses  to  an  inch. 

NoTB.— IiTthis  question  it  is  necessary  to  take  great  care  in  pladng  the  decimal  point. 
For  MuUiplioation  of  Decimals  see  p.  102,  and  for  Division  of  Decimals  see  pp.  103-105. 
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Thiokness  =  '^^  ^  '!^^  ^  '^^^^  ^^-  =  132-5,  number  of  thiokneMes  to  an  inch. 

•049  '7854  •oo7543)i'-oooooo(i3a'5  Am^ 

•049  -002401  7543 

441  7854  24570 

196  314160  22629 

15708 


'002401  — ^—  19410 

-a5)*ooi8857454(*oo7543  thiokneflfl  of  lead.    15086 
Or  thus:—  175 


•5)'ooi8857454  43*4«> 

•25  J 135  37715 

•5)-ooo377i490  125  

SS^$ 

^00754298  =  thiok-        107 

nees  of  lead.       100 

74 
75 

Ex.  48*  A  lead  wire  '125  inch  diameter  is  need  for  testing  the  a^jiutment  of  the  orank* 
shaft  taMNS;  it  is  flattened  to  be  |  inch  broad :  how  many  thicknesses  of  it  will  make  one 
indhP 

•125  X  '125  =  '015625  X  '7854  =  •012271875  -f-  '75  =  -016362  thiokneas  of  lead. 
I  inch  -f-  '016362  ^  6rx  number  of  thicknesses  to  the  indh. 

Ex.  49.  A  piston  has  an  area  of  3064*28  sq.  inches :  find  the  breadth  of  a  shoe  18  inches 
long,  allowing  lo^  sq.  inches  of  piston  to  x  sq.  inch  of  shoe. 

Area  of  shoe  =  3064-28  -f*  10*25  =  298*9541  sq.  inches. 
.* .  Breadth  r=:  298*9541  -^  18  =:  16*6085  laches.    jiM9^ 

380.  In  altering  the  pitch  of  a  screw  propeller  it  is  found  that  when  the 

mean  effeotiye  pressure  of  the  indicator  diagram  is  not  altered,  the  product 

of  the  pitch  by  the  square  of  the  knots  per  hour  is  not  altered. 

Ex.  50.  If  the  pitch  be  altered  as  nnder,  what  will  be  the  speed  of  the  vessel,  the  dia* 
gram  remaining  the  same  P 

Pitch  20  feety  speed  9  knots,  new  pitch  18  feet 
By  the  abore  rale  8*  X  18  =  9'  X  20. 

at  —  9*  X  ao  _  8i  X  «•  _  ^_ 

Then  the  square  root  of  90  or  '1^90  =:  9*48  ^  9^  knots,  nearly. 

381.  Xhe  weight  of  steam  that  will  wob^b  into  a  space  in  which  the 
pressnxe  does  not  exceed  56  per  cent,  of  the  gross  pressure  of  the  steam  iS| 
in  70  seconds,  just  equal  to  the  gross  pressture  of  the  steam  upon  an  area 
equal  to  the  area  of  the  orifice. 

Ex.  51.  There  is  a  crack  in  the  metal  between  tho  low  pressure  cylinder  exhaust  port 
and  the  steam  jacket,  the  Bectional  area  of  which  is  eqaal  to  }  a  square  inch,  and  the  steam 
in  the  jacket  is  55  lbs.  by  the  gaoge :  if  i  lb.  of  coal  evaporates  10  lbs.  of  water,  what  is  the 
loss  in  steam  and  in  coal  in  24  hoars  P 

Gauge  55  lbs.  -{-  atmosphere  15  lbs.  =:  70  lbs.  =  gross  pressure. 

Steam  escape  in  70  seconds  =:  70  lbs.  X  \  square  inch  =  35  lbs. 

24  hours  ==  24  X  60  X  60  =:  86400  seconds. 

.  • .  steam  Mcape  in  14  hours  =  "^^^^^  =  «»«>  ^^-  =  '9«8i  tons. 

And  00*1  lost  in  14  horns  =  ^^|^  =  1-9185  tons. 
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Ex.  52.  If  I  lb.  of  steam  condensed  raises  1000  lbs.  of  water  i^  Fah.,  and  if  the  tem- 
perature of  sea  water  is  58%  and  that  of  the  discharge  107°:  what  weight  of  water  is 
required  to  condense  the  steam  in  the  above  crack  P 

Temperature  of  discharge  107°  (7)1000 

I,  sea  water    58°  49 


49' 


p 


7)>4*'875 


20*408  lbs.  of  cold  water  neowwary  to 
condense  i  lb.  of  steam. 

Hence  20*408  X  19*285  tons  of  steam  =:  393*56828  tons  of  oold  water.  • 

Ex.  53.  If»  when  the  engines  are  making  41  revolutions  per  minute,  the  meaii  eflbcfcive 
pressure  on  the  piston  is  27  lbs. ;  supposing  from  some  cause  the  vacuum  showed  1*5  Ibt- 
lesB :  how  many  revolutions  would  you  expect  the  engine  to  make  now  P 

Old  pressure    27*0  lbs.  27*0  lbs.    :    25*5  lbs.    ::    41'     :    s' 

Vacuum  1*5  ,, 

New  pressure  2S'S  m  = — ^ '5*7  61. 

.  *  •  No.  of  revolutions  now  made  =  v'  ^5^T^  =  39* S*    -dmw&r, 

•  ■ 

Ex.  54.  An  engine  makes  62  revolutions  per  minute  when  the  steam  preosure  ia  30  lbs.  * 
what  should  be  the  pressure  if  the  engine  Ib  eased  down  to  50  revolutions  P 

In  this  example  you  are  allowed  to  use  the  square  of  the  revolutions  instead  of  the  cubes. 

6a*  rev.    :    50"  rev.  30  lbs.    :    x 

Ex.  55.  A  ship  has  gone  1 200  miles  at  8  knots  per  hour  with  a  consumption  of  90  tons 
of  coal ;  it  is  found  that  she  has  only  75  tons  left,  and  has  yet  to  go  1500  milee :  at  what 
rate  must  she  steam  to  do  it  P 

90  tons    :     75  tons    : :    8*  X  laoo    :    s*  X  1500 

II  2 

_  75  X  8«  X  1200  _  T^X  64  ><\W  _  ixji  _  ^^..^ 

^  3 

Extracting  square  root  of  42-66  gives  6*5  knots.    Af%awer. 

Ex.  56.    If  50  lbs.  pressure  give  60  revolutionsi  what  number  of  revolutions  should 

58  lbs.  give  P 

50  lbs.    :    58  lbs.    : :     6o«     :    «• 

- 58  X  60  X  60       20880 ^,^, 

X   ^  j5 =:-__4i76 


1/4 1 76  =  64*6  or  65  revolutions,  nearly. 

382.  To  find  the  exact  atmospheric  pressure  at  the  time  of  taking  an 
indicator  diagram,  and  thence  to  determine  the  line  of  perfect  Taciinm. 

RuU.^Dwide  the  height  of  the  weather  barometer  tra  inehee  by  2*04,  the  guoUemt  ie  the  atmo- 
epherie  premire  in  Ibt.,  ^e,,  per  square  inch. 

Ex.  57.  What  is  the  atmospheric  pressure  per  square  inch  in  the  following  diagram 
(the  weather  barometer  showing  29  inches)  if  2*04  inches  of  mercury  were  equal  to  i  lb.  per 
tquareinchP 

2*04)29*000(14-21  lbs.  per  sq.  inch. 
204 

860 
816 

440 
408 

3» 


Miicelkmeous  JBacompUi, 


455 


585.  To  detennine  the  line  of  perfeot  yaeunm  diagram  for  a  given 
indicator  diagraoL 

Muk^'-'Jkthe  a  pair  of  dmden  and  fMasur$  on  the  same  scale  at  gwen  for  the  indicator  card, 
and  lay  this  doumward  from  the  atmospheric  line  at  both  ends,  then  foin  the  points  tht4s  obtained 
which  win  g¥H  the  perfect  vac%mm  line, 

Ex.  58.  Taking  the  following  diagram,  lig.  13a,  measuring  14*2  lbs.,  say  14}  Ibs^  on 
the  same  scale  as  given  for  the  card,  lay  this  downward  from  the  atmospheric  line  at  both 
ends,  and  Join  the  points  thus  obtained  which  gives  the  perfect  vacnnm  line. 

Fig.  132. 


Vacnnm  side. 

NoTB.— Acoording  to  the  density  of  steam  at  18  lbs.  gross  pressors,  that  is,  abont  3  lbs. 
above  the  atmosphere  by  the  steam  gange,  it  wonld  take  jost  35  lbs.  weight  of  steam  per 
honr  to  prodnoe  one  I.H  J?.,  if  worked  without  expansion,  and  also  witfaont  back  pressure 
or  other  loss.  At  higher  preesores  (less  than  35  lbs.),  steam  wonld  prodnoe  the  same  result ; 
bat  there  are  several  considerations  which  lead  to  the  adoption  of  35  lbs.  as  a  convenient 
standard  in  estimating  approximately  the  cost  of  evaporation  and  of  H.P.  from  indicator 
diagrams. 

Oivem  tm  Mietskr  diagram :  to  find  the  comumptum  in  Un$  for  24  haun^ 
itsaming. 

SsdC'-^Divide  the  length  of  the  card  into  10  equal  partSf  then,  counting  1%  from  the  beginning 
of  the  stroke  at  both  ends,  measure  from  perfect  vacuum  the  presswre  shown  on  the  card  at  that 
pointf  and  caU  the  measurement  of  the  down  stroke  P^,  and  that  of  the  ^  stroke  call  P',  then. 

Add  these  together,  multiplg  the  stnn  by  the  square  of  the  diameter  in  inches,  and  the  length  of 
stroke  infest,  and  by  the  revolutions  ;  divide  the  product  by  140000,  the  quotient  is  the  consumption 
qftftam  in  tone,  as  shown  by  the  card  for  24  houn^  steaming, 

Or, '^m^l;^  =  tons  of  steam  for  24  hours. 

The  above  is  exclusive  of  steam  condensed  in  the  cylinder,  and  exclusive  of  the  effect  of 
dearance ;  the  rule  is  stated  for  one  cylinder. 

Ex.  59.  Divide  the  line  of  perfeot  vacuum  on  the  diagram  and  measure  off  the  pressure 
denoted  by  P^  and  P'  in  the  above  rule,  vis.,  the  gross  pressure  at -A  of  the  stroke  from  the 
beginning  for  both  strokes,  P^  being  the  down  stroke,  and  P*  the  up  stroke. 


M 
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In  ibis  instance,  P*  ^  i3'25,  and  P*  =  17*75, 

.".  (13-25  +  17-75)  X  66*  X  3'5  X  60  =  28357560, 
And  28357560  -^  140000  =  ao2*554  tons  of  steam  for  24  hoars. 

Dia.  of  cylinder    66  P*  =  1 3*25  4356 

66  P"  =  17-75  31 

396  31-0  4356 

396  13068 

^•=4356  '35036 

ys 

675180 
405108 


47a6s6*o 
60 

(  *)»«3S»756o^ 
14,0000  J    _.^— 

.  (7)1417-87800 

aoa*554  tons. 

Bz.  60.  What  Is  the  I.H.P.  of  a  pair  of  engines,  the  diameter  of  ojlinders  being  66', 
length  of  stroke  3'  6%  revolations  per  minute  60,  mean  pressors  (from  Diagram,  Fig.  13a} 
18-36  lbs.  P 

I.H.P.  s: 66'x78s4X7>c6oxi8-?6xa _ ^v^ix^v^yje _  ^ 

33000  33^^^ 

66  X  66  (=4356)  X  7854  (=  34ai'aoa4)  X  7  X  60  (=  1436905-008)  X  18-36 
(=z  a638i575-94688)  X  a  =  5a763i5«'89376  -J-  33000  =  1598*883,  fto. 

Ex.  61.  And  what  is  the  least  consnmption  per  I.H.P.  (see  preceding  example  for  I.H  JP.) 
that  would  give  7-5  lbs.  evaporation  for  i  lb.  of  coal  P 

The  tons  of  steam  consumed  in  24  hours  divided  by  the  evaporation  for  i  lb.  of  ooal  gives 
tons  of  ooal  used  in  24  hours, 

. ' .  202*554  -7*  7-5  r=  27-007  tons  of  ooal  in  a4  hours. 

37*007  tons  X  2a40  =  60495-680  lbs.  of  ooal  in  24  hours. 

60495*680 .7-  24  ^  3520*653  lbs.  per  hour. 

K«gd|  Ibsk  of  ^otX  per  boor  divided  by  I.H J?,  gives  coals  per  hour  per  Lfi  J^^. 

.'.  2520*653  -t-  1598-88  =  1-58  lbs.  per  I.H.P. 

7*5)202-554(27-007  tons.  27-007  tons. 
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Ex.  1 8.    A  reetangnlar  boiler  if  i6  ft.  X  OL  >wi<^    .. 't       le   -mir^  .^i«r 
what  would  be  the  oo>t  of  cwnwitmg  tht  tiw  mw  i/:>  ai»  «»  #  •    if  -m 


Axea  of  top  =  i6'  x'  X  x^  -   :=  i^  ^    >, 
a  Bides  =  a  (itf'  x*  x  ^  J^  =  5  X  iy-  X  -  • 
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Bx.  ai.    The  top  of  a  reotenrBllKr  boOir  it  to 
tamed  down  OTer  the  iidee  a 
of  lead  13  ft  9  in. ;  bieadth  la 
ooet  sH*  P*  ^- 
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DATA  FOR  EXAMINATION  FOR  ENGINEERS. 


SEOONB  GLASS. 


1 

2 

Ten  tons,  fifteen  handredwei£^t8,  one  quarter,  and  twenty  ponndB. 
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SPECIMEN  OF  PAET  OF  A  SECOND-CLASS 

EXAMINATION  PAPER. 


WITH  DIBBOnONS  HOW  TO  FILL  IF  UP. 


Port. 


Late, 


Class  far  which  examined. 


Candidate's  name. 


1.    iSzpress  in  figures : 

Applioant's  answer. 

3.    A  ship  has  to  make  a  voyage  of  miles  with  a  stock  of  tons  of  oottl ; 

after  steaming  miles,  and  consuming  tons,  find  how  much  coal  she  will  have 

left  at  the  end  of  t)ie  voyage,  steaming  at  the  same  rate. 

Applicant's  answer. 


tons. 


feet,  has 


gallons  of  oil 


3»    ▲  tank  feet  deep,  and  fiset  hy 

in  it :  find  how  fiur  dowm  from  the  top  is  the  oil  ? 

Applicant's  answer.  inches. 

4.    A  wrought  iron  plate  feet  inches  by 

thick :  what  is  its  weight  ? 

Applicant's  answer.  cwt.  qrs.  lbs. 

days  with  a  supply  of  gallona  of  oil :  how  many  gills 


feet 


inches,. and 


5.    A  voyage  of 
was  this  per  day  9 

« 

Applicant's  answer. 


gills. 


6.    The  tally  of  baskets  of  coal  for  24  hours  was  »  >  >  >  » 

,  ,  each  basket  wdghed  lbs. :  what  was  the  consumption  in  tons 

per  day  ? 

Applicant's  answer.  tons. 

DtRfiCnONB  HOW  TO  FILL  IN  THK  ABOVE. 

Look  at  the  Data  Paper,  and  the  numbers  in  the  left  hand  or  first  column  are  the  same 
ijdth  the  numbers  in  the  left-hand  column  above. 

Then  No.  i  must  be  filled  up  by  writing  what  is  opposite  No.  i  in  the  Data  Paper. 

No.  a.  Look  at  No.  a  on  the  Data  Paper;  the  1500  is  to  be  put  in  the  first  blank  space 
in  No.  a  above ;  the  90  in  the  second  blank  space ;  the  600  in  the  next  blank ;  and  the  45 
in  the  last  blank  space.    (See  Ex.  a  of  Paper  lY  following). 

• 

No.  3.  Look  at  No.  3  on  the  Data  Paper;  the  a^  is  to  go  into  the  first  Uank  space ;  the 
a|  into  the  next ;  the  3}  into  the  nezt^  and  90  Into  ths  last.    (9ee  Ex.  3,  Paper  IV,  following). 

All  the  rest  fill  up  in  precisely  the  same  manner. 

irww 
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EXAMINATION  PAPERS  FOR  SECOND  AND 
FIRST-CLASS  ENGINEERS. 


i 


EXAMINATION  PAPEE— No.  I. 
FOB  SEOOND-OLASS  ENGINEERS. 

I.  Express  in  fig^ures : — Six  miUions,  six  thousand,  six  hnndred  and  six.  See  pages  1 1 
and  12. 

a.  Add  together  62  tons  15  cwt.  i  qr.  20  lbs.,  16  tons  4  owt.  o  qrs.  13  lbs.,  and  7  tons 
19  owt.  3  qrs.  13  lbs.,  and  multiply  the  sam  by  8.     Bole  Xin,  page  44,  and  Bole  XV, 

page  47. 

3.  What  is  the  prodact  of  3*08  X  8-8  X  i'oo6  f    Bule  XLVI,  page  102. 

4.  Divide  the  product  (3}  by  4*923.    Bule  XLYII,  page  103. 

5.  The  quantity  of  ooal  on  board  on  leaving  port  is  148  tons ;  the  oonsnmption  In  la 
days,  128  tons  14  cwt.  2  qrs.  17  lbs. :  what  quantity  remains  on  board  P    See  page  2x1. 

6.  A  coal  bunker  is  9  ft.  8  in.  long,  7  ft.  4  in.  high,  and  3  ft.  6  in.  wide :  required  tho 
quantity  of  coal  it  will  contain  at  36  cubic  feet  per  ton  (by  decimals).    See  page  202. 

.  7*    If  the  consumption  of  coal  is  48  tons  per  day  to  produce  a  speed  lo^  knots :  what  la 
f^  consumption  in  a  voyage  of  3704  knots  P    Bule  XOYUI,  page  211. 

8.  The  pressure  of  steam  on  the  piston  is  12  lbs.  per  square  inch  above  the  atmoephevB, 
and  the  barometer  on  the  condenser  shows  26  inches  of  mercury :  required  the  effeotiv6 
pressure  per  square  inch  on  the  piston.    Bule  OXVI,  page  249. 

9.  What  pressure  of  steam  in  the  boiler  is  necessary  to  blow  off  the  brine  through  the 
blow-off  cocks,  the  bottom  of  the  boiler  being  12^  feet  below  the  water-line  of  the  ship 
allowing  a  column  of  water  2*305  feet  high  equal  i  lb.  P    Bule  0,  page  aai. 

10.  How  many  revolutions  must  an  engine  make  to  drive  a  paddle-wheel  13^  knots  per 
hour,  the  diametor  of  the  paddle-wheel  30  feet,  and  the  knot  being  6080  fset  P    See  page  272. 

II.  The  pitch  of  a  screw  is  14  feet:  how  many  revolutions  must  it  make  to  advance  la 
knots  per  hour,  a  knot  being  6080  feet  P    See  page  272. 

12.  A  safety-valve  is  loaded  to  30  lbs.  per  square  inch  by  a  direct  weight  of  2015}  lbs. : 
how  much  would  be  required  to  be  taken  off  to  reduce  the  pressure  to  1 7}  lbs.  P    See  page  253. 

13.  To  what  height  must  a  safety-valve  of  7}  inches  diameter  be  lifted  to  allow  a  free 
escape  of  steam  equal  to  the  area  of  tiie  valve  P    Bule  OXXH,  page  254. 

14.  How  many  cubic  feet  of  water  will  be  extracted  in  an  hour  by  a  brine  pump  5} 
inches  diameter,  and  17}  inches  stroke,  making  11  strokes  per  minute,  the  pump  being  }  full 
at  each  stroke  P    Bule  OYI,  page  234. 

15.  What  is  the  horse-power  of  an  engine,  the  diameter  of  the  cylinder  being  94  inches, 
length  of  stroke  4  feet  6  inches,  revolutions  per  minute  62*4,  and  the  effective  preesure  per 
square  inch  on  the  piston  21*5  lbs.  P    Bule  OXTT,  page  243. 

16.  If  a  bar  of  iron  i  inch  square  is  torn  asunder  by  a  strain  of  4500  lbB.s  wiiat  foiroe 
will  be  required  to  break  a  bar  5  inches  squareP    See  page  402. 

ADDITIONAL  FOB  FIBST-OLASS  ENGINEEBS. 

I.    Find  the  side  of  a  square  whose  area  is  900*180009.    Bule  LX,  page  166. 

a.  Some  repairs  to  the  engines  have  occupied  8  men  24  weeks,  and  cost  jC3'5  io>*  ^ 
wages;  larger  repairs  are  necessary,  which  it  is  expected  will  occupy  28  men  16  weeks: 
how  much  will  be  required  to  pay  them  at  the  same  rate  of  wagesP    See  page  155. 

3.  Bequired  the  weight  to  be  placed  at  the  end  of  a  safety-valve  lever  to  be  equal  to  28 
lbs.  per  square  inch  on  the  valve,  the  diameter  of  valve  being  5^  inches,  the  distance  from 
the  fulcrum  to  valve  3  inches,  and  from  the  valve  to  the  weight  32  inches.  The  effective 
weight  of  the  lever  is  87  lbs.  10  oz.,  and  the  weight  of  the  valve  13  lbs.  6  oz.    See  page  251. 

4.  Bequired  the  weight  to  be  placed  at  the  end  of  a  doable-beat  valve  to  be  equal  to  26 
lbs.  per  square  inch  on  the  valve,  the  diameter  of  valve  being  14^  and  12^  inches.    See 
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5.  What  ia  the  total  preasiire  on  the  flat  bottom  of  a  boiler  23  feet  4  inchee  by  la  feet  8 
inches,  the  pressure  of  steam  in  the  boiler  being  30  lbs.  per  square  indi,  and  the  height  of 
water  in  the  boiler  5  feet  6  inches  P    Also  the  number  of  stays  a  inches  in  diameter  required, 
80  that  each  square  inch  of  section  of  the  stays  shall  bear  6500  lbs.    Bnle  OH,  page  aa3* 

6.  Required  the  heating  surfEioe  in  tubes  and  tube  plates  of  a  boiler,  the  diameter  of 
tubas  being  a^  inches,  length  6  feet  6  inches,  and  134  in  number,  and  the  plate  6  fiset  9 
inohee  by  4  feet  wide.    Bule  01,  page  aai. 

7.  The  pitch  of  a  propeller  is  11  feet  6  inches,  and  makes  108  revolutionfl  per  minute: 
what  will  be  the  progression  of  the  propeller  in  knots  per  hour,  and  the  rate  of  the  ship, 
allowing  17*5  per  cent,  slip  f    Rule  OXXYI,  page  ay  3. 

8.  Sea  water  contains  ifg  of  solid  matter,  and  it  is  required  that  the  water  in  the  bofkr 
may  not  contain  more  than  A :  what  proportion  must  the  quantity  blown  off  bear  to  the 
quantity  CTaporated f    Rule  OXXXIJL,  page  393. 

9.  Steam  is  admitted  into  the  cylinder  at  2$  lbs.  per  square  inch  above  the  atmoephere^ 
jmd  is  out  off  at  f  of  the  stroke  t  required  the  mean  pressure  on  the  piston  throughout  the 
stroke,  supposing  the  yaouum  to  be  perfect.    Rule  OXXX,  page  285. 

10.  Work  out  an  indicator  card,  and  show  the  point  where  the  steam  is  out  off;  whether 
the  slide-Talye  is  oorreot  or  requires  alteration,  and  if  the  latter,  what  f 
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Diagram  taken  from  H.M.  Troop  Steamer  OronUt,  Steam  in  boiler  ai^  lbs.,  Taounm 
11^  lbs.,  revolutions  60. 

In  these  diagrams  the  waving  lines  formed  by  the  pencil,  owing  to  the  momentum  of  the 
piston  of  the  indicator,  is  very  plainly  shown,  and  although  such  irregularities  will  not 
materially  impair  the  accuracy  of  the  result,  if  a  sufficient  number  of  ordinates  be  taken 
correctly  to  measure  the  irregularity,  yet  it  is  greatly  preferable  to  employ  an  indicator 
which  will  be  as  free  as  possible  from  the  disturbing  influence  of  Uie  momentum  of  its  own 
moving  parts.  It  will  be  noticed  that  in  this  engine,  as  in  most  of  Boultok  and  Watt's 
engines,  there  is  a  great  similarity  in  the  diagrams  taken  from  each  end  of  the  cylinder — a 
result  in  the  main  produced  by  giving  a  suitable  length  to  the  eccentric-rods,  by  moving 
them  up  and  down  Uie  links  vertically  by  a  screw,  instead  of  by  means  of  a  lever  moving  in 
the  arc  of  a  circle,  and  placing  the  projecting  side  of  the  eccentric  suitably  with  the  curvature 
of  the  link,  because  if  placed  in  one  position  it  wiU  aggravate  the  distortion  produced  by  the 
KOf^  of  the  eccentric  rods,  and  if  placed  in  the  opposite  position  it  will  oorreot  this  distortion* 
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EXAMINATION  PAPEB— No.  H. 

FOR  SECOND-CLASS  ENGINEERS. 

«t.    Ezprew  in  figures :— Five  hundred  and  eiz  million,  fifty-five  thooMod  and  MglU^- 

fi>ar.    See  p^gea  11  and  12. 
a.    Add  together  4^6  toz^  15  cwt.  2  qrs.  15  lbs.,  323  tons  9  cwt.  a  qrs.  5  lbs.,  and  521  tonp 

15  cwt  3  qrs.  27  lbs.,  and  multiply  the  sum  by  16.    See  pages  44  and  48. 

3.  What  is  the  product  of  3487*507  by  952-0156  P    See  page  102. 

4.  Divide  the  prod,uct  of  (3)  by  7048624. 

5.  The  quantity  of  coal  on  board  on  leaving  port  is  23^  toQS  19  cwt.  j  gtB.  27  Up^  t^ 
consumption  per  day  is  17  tons  3  cwt.  3  qrs.  26  lbs.  for  9  days :  what  quannty  remaina  on 
lioard  ?    See  page  211. 

6.  A  coal  Dunker  is  28  feet  9  inches  long,  10  feet  6  ioc^  t^N  ^^  ?  f*^.^  3  inches  wide : 
required  the  quantity  of  coal  it  will  contain  at  42  cubic  feet  per  ton.  (by  deciman).  Sao 
page  202. 

7.  If  the  consumption  of  coal  |9 .20  tons  per  day  to  produce  a  speed  of  9}  ^ots  iMrliovtf : 
what  is  the  consumption  in  a  voyage  of  1507  knots  ?    See  page  an. 

8.  If  the  pressure  of  steam  on  the  piston  is  26  lbs.  per  eqaare  inoh  ^ibove  the  atmosphere^ 
and  the  barometer  on  the  xxmdenser  gauge  shows  29^  inriies  of  meroury :  reqvirsd  ite 
effective  pressure  per  square  inch  on  the  piston.    See  page  249. 

9.  What  pressure  of  steam  in  the  boiler  wfll  be  necessary  to  blow  off  the  brine  throng^ 
the  blow-off  cooks,  the  bottom  of  the  boiler  being  1 3  feet  3  inches  below  Che  water-line  of 
the  ship,  allowing  a  column  of  water  2*305  feet  high  to  equal  i  lb.  P    See  page  221. 

10.  How  many  revolutions  must  an  engine  make  to  drive  a  paddle-wheel  9f  knots  per 
hour,  the  diameter  of  the  wheel  being  28  feet  6  inches,  and  the  knot  being  6080  feetP  See 
page  272. 

1 1 .  The  pitch  of  a  screw  is  25  feet :  how  many  revolutions  must  it  make  to  advanoe  13*3 
knots  per  hour,  a  knot  being  6080  feet  P    See  page  272. 

12.  A  safety-valve  is  loaded  to  24  lbs.  per  square  inch  by  a  direct  weight  of  240  lbs.: 
how  much  would  be  required  to  be  taken  off  to  reduce  the  pressure  to  10)  lbs.  per  square 
inch  P    See  page  253. 

13.  To  what  height  must  a  safety-valve  9  inches  diameter  be  lifted  to  allow  a  free  escape 
of  steam  equal  to  the  area  of  the  valve  P    See  page  254. 

14.  How  many  cubic  feet  of  water  will  be  extracted  in  an  hour  by  a  brine  pomp  7*3 
inches  diameter,  and  15  inches  stroke,  making  13  strokes  per  minute,  and  the  pump  beiisg 
}  fuU  at  each  stroke  P    See  page  234. 

15.  What  is  the  horse-power  of  an  engine,  the  diameter  of  cylinder  being  64  inches,  the 
length  of  stroke  3  feet,  revolutions  per  minute  66,  and  the  pressure  per  square  inoh  on  the 
piston  22*3  lbs.  P    See  page  243. 

16.  If  a  bar  of  iron  i  inch  square  is  torn  asunder  by  a  strain  of  4500  lbs. :  what  fbroe 
iwill  >be  requived  to  break  a  bar  4*6  inohes  square  P    See  page  402. 

ADDITIONAL  FOR  FIRST-CLASS  ENGINEERS. 

1.  Find  the  side  of  a  square  whose  area  is  970*299.    See  page  166. 

2.  Some  repairs  to  the  engine  have  occupied  21  men  7  weeks,  and  have  cost  jf  244  12s.  6dL 
for  wages;  some  larger  repairs  are  necessary,  which  it  is  expected  will  oooupy  18  men  6 
weeks :  how  much  will  be  required  to  pay  them  at  the  same  rate  of  wajges  P    See  page  itc. 

3.  Required  the  weight  to  be  placed  at  the  end  of  a  safety-valve  levj^  to  be  e^ual  ip 
28^  lbs.  per  square  inch  on  the  valve,  the  diameter  of  the  valve  being  3}  i^ohefl^  the  distani^ 
from  the  fulcrum  to  the  valve  4  inches,  and  from  the  yalve  to  the  weight  32  inohes.  H^ 
effidctive  weight  of  the  lever  is  25  lbs.  4  oz.,  and  the  weight  of  the  valve  6  lbs.  6  oc.  See 
page  251. 

4.  Required  the  weight  to  be  .placed  on  a  double-beat  valve  to  be  equal  to  20  Ihe.  per 
jiqiiME»iiioh»  the  dlametors  of  the  valve  being  xoi  and  12  inches.    See  page  152. 
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5.  What  is  the  total  pressure  on  the  flat  bof^tqpi  of  a  boiler  18  feet  4  inches  long  by 
1 1  feet  8  inches  broad,  the  pressure  of  steam  in  the  l^ler  being  26  lbs.  per  square  inch,  and 
the  height  of  water  in  the  boiler  5  feet  P  also  the  number  of  stays  i  J  inches  in  diameter  is 
required,  so  that  each  square  inch  of  section  of  the  stays  shall  bear  5300  lbs.    See  page  223. 

6.  Required  tho  heating  surface  in  the  tubes  an^d  tube  plates  of  a  boiler,  the  tubes  being 
2^  inches  in  diameter,  7  feet  3  inches  in  length,  and  156  in  number,  and  the  plates  7  feet 
long  by  3  feet  10  inches  wide.     See  page  22  r. 

7.  The  pitch  of  a  propeller  is  1 1  feet  9  indies,  making  106  revolutions  per  minute :  what 
wUl  be  the  progression  of  the  propeller  in  knots  per  )^our,  and  tho  rate  of  the  ship,  allowing 
17*5  per  cent,  for  slip  P    See  page  273. 

8.  Sea  water  contains  t^  of  solid  matter,  and  the.  water  in  the  boiler  is  not  to  contain 
more  than  ^'f :  what  proportion  must  the  quantity  blown  off  bear  to  the  quantity  evaporated  P 
See  pp.  393-4. 

9.  Steam  is  admitted  into  the  cylinder  at  30  VbB,  per  square  inch  above  the  atmosphere^ 
and  is  cut  off  at }  of  the  stroke :  required  the  mean  pressure  on  the  piston  throughout  the 
stroke,  supposing  the  vacuum  to  be  perfect.    See  pftge  185. 

10.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is  Ottt 
off,  vihelQiAt  the  aUde- valve  is  correct  or  nequiMS  alteration,  and  if  the  latter,  what  P 

From  the  S.8.  Flmtlop$. 
Fig.  134.    Scale  ol  loths. 


EXAMINATION  PAPBE— No.  m. 

1.  46712389467;  express  this  in  words.    Seepa^i3. 

2.  The  bolts  of  a  cylinder  cover  are  placed  6  ixM^l^  apart,  centre  to  centre,  diameter  of 
cover  64  inches,  and  the  bolts  2^  inches  from  the  cover :  how  many  bolts  P  See  BSz.  45, 
page  448. 

3.  A  single  rivetted  boiler  has  7  courses  of  6  p^^  In  each  course,  and  each  plate  has  36 
by  14  holes :  how  many  rivets  P    See  Kule  UlV,  page  232. 

4.  An  engine  counter  stood  at  6001  at  the  commencement  of  the  voyage,  and  after 
10^  10^  stood  at  801001 :  how  many  revolutions  per  minute  P    See  page  270. 

5.  A  tank  is  18  feet  6  inches  by  5  feet  9  inohes,«ad  contains  4800  gallons :  what  is  its 
hejght  P    See  Ex.  i,  page  205. 

6.  What  are  the  wages  of  27  men,  34  day^i,  98.  M.  per  day  P 

46     11    39     »»     5««4d.      H 
93     »>    >8     »t     M.  8d.      „ 

7.  The  consumption  per  day  is  33  tons  of  coal,  the  average  H.P.  indicated  is  1480 : 
what  is  t^Qooavnption  per  hour  per  LH.P.P    Seefageai4. 
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8.  How  many  cubic  feet  of  steam  will  be  nsed  per  hour  by  a  pair  of  engines  61  reroln- 
tions  per  minute,  diameter  of  cylinder  38  inches,  stroke  33  inches,  and  cut-off  at }  of  the 
stroke  P    See  Rule  OIX,  page  338. 

9.  The  indicated  H.P.  of  a  pair  of  engines  is  1166,  cylinder  63}  inches  diameter,  stroke 
36  inches,  revolutions  per  minute  58 :  what  is  the  pressure  on  the  piston  ?     Bee  page  248. 

10.  How  many  tons  must  be  pumped  into  a  boiler  whose  area  of  water  leyel  la  10  Ibsi 
by  8  feet,  to  raise  5  inches  in  the  glass  P    See  Ex.  i,  page  239. 

ir.  If  the  total  consumption  of  coal  is  21  tons  per  day :  how  many  baskets,  each  66  lbs., 
will  be  required  in  a  watch  of  4  hours  f    See  page  215 . 

12.  A  screw  shaft  is  19  feet  3  inches  over  all,  8}  inches  diameter,  ooupling  flanges  if 
inches  diameter,  and  3  inches  thick :  find  the  weight.    See  pages  216-217. 

EXAMINATION  PAPER— No.  IV. 

FIRST  AND  SEOOKD-CLASS  ENGINEERS. 

1.  Express  in  words :  Six  tons,  fifteen  hundredweights,  one  <iuarter,  and  twenty-two 
pounds. 

2.  A  ship  has  to  make  a  voyage  of  4500  miles  with  a  stock  of  ooal  of  250  tons ;  after 
steaming  2450  miles  and  consuming  120  tons,  find  how  much  ooal  she  will  have  left  at  the 
end  of  the  voyage,  steaming  at  the  same  rate.    See  page  219. 

3.  A  tank  2}  feet  high,  and  2  ft  6  in.  by  4  ft.  3  in.,  has  94  gallons  of  oil  in  H :  how  to 
from  the  top  Is  the  oil  f    See  Ex.  i,  page  260. 

4.  A  plate  6  ft.  4I  in.  by  2  ft.  8  in.,  A  thiok :  what  is  its  weight  f  See  Ex.  i,  page  260. 

5.  A  voyage  of  21  days  with  a  supply  of  9  gallons  of  oil :  how  many  gills  per  day  f 

6.  The  tally  of  ooal  for  24  hours  was  39,  41,  39,  31,  and  41  baskets  for  each  waioh,  each 
basket  weighed  76  lbs. :  what  is  the  oonsumption  in  tons  per  day  t    See  Exs.,  page  216. 

7.  A  safety-valve  6|  In.  diameter  was  loaded  with  dead  weights,  5  of  63  lbs.,  and  2  of 
49  lbs.,  the  valve  itself  weighed  13^  lbs.,  and  the  spindle  19  lbs. :  what  is  the  pressure  of 
steam  per  square  inch  on  the  valve  P    See  Ex.  5,  page  258. 

8.  A  stay  15  in.  apart,  centre  to  centre,  and  is  eaten  away  to  i^  in.  diameter,  the 
pressure  is  25  lbs.  per  square  inch :  what  is  the  strain  per  square  inch  section  of  the  stay  f 
See  page  226. 

9.  A  barrel  of  tallow  weighed  2  cwt.  o  qr.  2  lbs.,  and  cost  £S  15s.  od.,  the  barrel  itself 
weighed  26  lbs. :  how  much  did  the  tallow  cost  per  lb.  P 

10.  What  is  the  total  cost  of  2  cwt.  3  qrs.  of  tallow  at  7|d.  per  lb. ;  2  cwt.  i  qr.  of  waste 
at  5id.  per  lb. ;  and  xo  gallons  of  oil  at  5s.  3d.  per  gallon  P 

It.  Up  to  the  present  time,  which  is  Friday  at  8^  a.m.,  the  ship  has  steamed  149, 150, 
147,  and  160  knots  each  day :  when  will  she  reach  her  port,  1500  miles  firom  starting,  at  8 
knots  per  hour  P    See  Ex.,  page  277. 

12.  A  water  ballast  donkey  10'  diameter,  14'  stroke,  double-acting,  95  strokes  per  minute, 
and  iV  empty  each  stroke :  how  long  will  it  take  to  pump  out  350  tons  P    See  Ex.  i,  p.  235. 

EXAMINATION  PAPEB— No.  V. 

FOR  SECOND-CLASS  ENGINEERS. 

1.  Express  15  feet  and  7I  inches  as  in  a  drawing. 

2.  24^4-f6-2X  (65  —  64). 

3.  2  cwt.  2  qrs.  14  lbs.  of  tallow  at  56s.  per  cwt. 

4.  An  oil  tank  is  4  feet  high  by  2*5  feet  by  3*5  feet :  what  was  the  consumption  per  day 
in  gallons,  if  in  14  days  the  oil  in  the  tank  is  lowered  10^  inches  in  the  glass  P  See  Ex.  3, 
page  209. 

5.  What  is  ^e  weight  of  gun  metal  in  a  screw-shaft  liner,  length  54  inches,  diameter  of 
shaft  18  inches,  thickness  of  liner  }  inch,  if  a  cubic  inch  =  '3  of  a  lb.  P    See  Ex.  4,  p.  266. 

6.  19'  6'  X  3'  4i* :  find  the  product  in  square  feet  and  decimals  of  square  feet. 
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7.  If  I  lb.  of  steam  niaoB  the  temperature  of  1000  lbs.  of  water  1%  and  the  tea  water  is 
6qP,  and  the  disoharge  water  105** :  how  many  lbs.  of  cironlating  water  passes  the  condenser 
for  each  lb.  of  steam  P    See  Ex.  6,  page  396. 

8.  The  piston  is  5a  inches  diameter,  and  at  the  beginning  of  the  stroke  the  pressure  is 
4a  lbs.  per  square  inch ;  if  the  orank-pin  is  9  inches  diameter,  what  length  shoiUd  it  be  in 
the  bearing  if  the  pressure  on  the  oil  is  not  to  exceed  750  lbs.  per  square  inch  P  See  Ex. 
12,  page  405. 

9.  When  the  temperature  in  the  funnel  is  600**  the  consumption  is  aa  tons  per  day ;  after 
a  few  days  it  increases  to  ^^  tons  per  day  to  raise  the  same  amount  of  steam :  what  is  now 
the  temperature  of  the  fiinnel,  nothing  else  haying  altered ;  and  what  is  the  cause  of  the 
increased  consumption  P 

NoTB. — Oost  of  evaporation  is  increased  by  (»)  per  cent.  The  alteration  in  the  tempera- 
ture of  escaping  gases  alters  to  aa  (»)  degrees.    See  Ex«  8,  page  396. 

10.  Find  the  collapsing  pressure  on  a  furnace  tube  whose  thickness  of  plate  is  -A^i 
diameter  a  ft.  11  in.,  and  length  10  ft.  3  in. 

J^k/S^.— I**.    Square  the  ihichuu  and  multiply  by  806300. 

a*.    Multiply  the  kngth  in  feet  by  the  diameter  in  inehee, 

3^.    IHvide  the  fret  product  by  the  eeeond.    See  Ex.,  page  a33. 

XI.    The  fonnula  for  finding  the  N.H.P.  of  common  engines  is    ^^      What  will  be  the 

N.H.P.  of  a  cylinder  whose  diameter  is  53  inches,  length  of  stroke  a  ft.  9  in.,  and  making 
6$  revolutions  per  minute  f 

I  a.    Formula  for  rectangular  cross-bars  for  combustion  chamber  crowns— r 

B  =  7^^*<  Where  B  =  boiler  pressure. 

^^*  and  D  =  distance  apart  of  ban. 

L  =  length  of  bars. 
d  =  depth  of  bars. 
t  =  thickness  or  width  of  bars. 

The  cross-bars  are  4!^  X  f»  >^'  apart,  and  length  of  bars  36':  what  pressure  will  be 
allowed  in  the  boOer  if  thcve  are  3  stays  P    See  Ex.  4,  page  44a. 

1 3.    What  would  be  the  pressure  if  there  were  4  stays  P 

Increase  ^r^>.^\  where  N  =  No.  of  stays.    See  Ex.  5,  page  44a. 

EXAMINATION  PAPEEr-No.  IV. 

FOB  SECOND-CLASS  ENGINEEB8. 

I.  Express  in  decimals : — 4  times  the  i - 140  thousandth  part  of  an  inch, 

a.  (36  +  62)  —  6  X  4- 

3.  Subtract  i'  a}«  from  a'  4^",  and  multiply  the  remainder  by  13. 

4.  What  is  the  amount  of  wages— 

From  aist  June  to  aoth  December,  at  £14.  per  month. 
„     15th  March  to  13th  December,  at  £6  per  month. 
„     aSth  October  to  1 8th  February,  at  £6  per  month. 

NoTB. — Allow  30  days  to  the  month. 

5*  A  compound  engine  has  a  steam  receiver  round  the  H.P.  cylinder  equal  in  diameter 
tathe  low  pressure  cylinder,  steam  chest  for  slides  between  the  cylinders,  distance  between 
the  centres  of  cylinders  50  inches,  diameter  of  L.P.  cylinder  40  inches,  and  depth  35  inches : 
how  many  square  feet  of  felting  will  be  required  to  cover  it  P    See  Ex.  22,  page  446. 

6.  A  tank  34  feet  long  by  20  feet  3  inches  broad,  and  6  feet  a  inches  high :  how  long 
will  it  take  to  pump  it  out,  Uie  diameter  of  pump  being  8  inches,  stroke  10  inches,  revolu* 
tions  per  minute  68,  double-acting,  if  10  per  cent,  benon-effeotive.    See  Ex.  4a,  page 450. 
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7.  Formula  8  =  ?— ^^  8  =  atrain  per  sq.  inch  of  section  of  the  Atift. 

^^  W=  weight  at  leverage  (=  a), 

d  =  diamelGT  of  ahaft. 

Q^«9tum. — The  piston  is  60  inches  diameter,  steam  32  lbs.  per  square  inch,  length  of  crank 
18  inches,  diameter  of  shaft  12  inches:  Is  the  ^hafb  strong  enough?  and  what  ia  the  Strain 
per  square  inch  P    See  No.  327,  page  4f6. 

8.  The  topmast  of  a  ship  is  84  feet  above  the  level  of  the  sea  when  upright,  but  when 
fore  and  aft  sails  are  set  she  is  lying  ov^  till  tbe  topmast  is  74  feet  above  the  sea  level ;  the 
valve  ts  5  inches  diameter,  and  loaded  fif  641  lbs. :  what  will  she  blow  off  at  when  lying  at 
this  angle  ?    See  Ex.  3,  p£kge  257. 

9.  On  starting  on  a  voyage  the  consumption  is  10  tons  per  day,  the  temperature  of  the 
fimhel  is  560^,  but  at  the  end  of  the  yift^jf^'  ^  i^  ^o^ :  what  is  the  cause  of  this  f  and  what 
waa  the  consumption  f 

'  NoTB.— Increase  =  -—     See  Ex.  19,  page  39^. 

10.  A  coal  bunker  is  6  feet  9  tnekM  at  the  top,  and  5  feet  3  inchea  at  the  bottom, 
ao  feet  3  inchea  and  9  feet  high :  what  waa  the  weight  in  tons  ?  State  how  many  cubic 
feet  you  will  allow  per  tea.    See  Ex.  4^  page  203. 

11.  The  I.H.P.  of  an  engine  is  750^  and  she  uses  24  lbs.  weight  of  steam  per  hour  per 
LH.P.  If  I  lb.  of  steam  on  being  condensed  gives  out  sufficient  heat  to  raise  1000  Ibe.  of 
water  1°  Fahrenheit,  and  if  the  injectidn  water  has  a  temperature  of  61*,  and  the  discharge 
water  104" :  how  many  tons  of  injection  water  are  used  per  day  of  10  hoars  f  See  Ex.  16, 
page  397. 

12.  An  engine  makes  45  revolutictaia  per  minute,  when  the  steam  presaure  ia  23  lbs.,  it 
is  reduced  to  41  revolutions :  what  ia  now  the  preaaure  P    See  Ex.  54,  page  452. 

EXAMINAHpN  PAPEH-.No.  VH. 

FOR  SEOOVD-OLASS  ENGINEBRS. 

1.  488  -f-  8  +  263  —  28  X  5. 

2.  Find  the  value  of       ~  ga  ~ — ' 

3.  A  sheet  of  lead  16  ft.  3  in.  long  by  12  ft.  9  in.  broad,  and  i^  inch  thick :  what  would 
it  cost  at  4d.  per  lb.,  if  a  cubic  inch  of  lead  weighs  '4126  of  a  lb.  ? 

4.  If  a  piston  is  43  inches  diamet^  and  assuming  it  to  be  4}  inches  thick  throughout : 
what  should  it  weigh  if  3*9  cubic  inches  of  cast  iron  weigh  i  lb.  P    See  Ex.  3,  page  261. 

5.  The  diameter  of  the  barrel  of  the  wheel  and  axle  is  8|  inches,  and  the  diameter  of  the 
rope  I  inch,  weight  200  lbs. :  what  ft>roe  niiist  be  applied  to  the  handle  whose  radiua  ia  1 8 
inches  P    See  pp.  424-425. 

6.  If  the  bolts  in  a  cylinder  cover  be  i^  in.  diameter,  and  the  diameter  of  cylinder  40 
inches,  pressure  60  lbs.  per  square  inch :  how  many  bolts  will  be  required  if  the  stxmin  per 
square  inch  of  their  section  is  not  to  exoeed  1800  lbs.  P    See  Ex.  6,  page  403. 

7.  The  sea  water  is  76%  the  water  In  the  hot- well  is  1 10^ :  what  will  be  the  temperature 
of  the  hot- well  if  the  sea  water  is  raised  to  8c^,  if  you  cannot  use  any  of  the  injection  water  ? 
See  Ex.  3,  page  395. 

8.  If  the  sea  water  be  at  60"*  Fahr.,  and  the  water  in  the  hot- well  ia  to  be  at  102** :  how 
many  lbs.  of  sea  water  will  be  required  to  condense  i  lb.  of  steam  P    See  Ex.  10,  page  397. 

Bule,         ii4(?'6°  — <*  Where  t  =  temperature  of  sea  water. 

^"^  and^zr  „  hot-well. 

9.  A  waste  steam  pipe  of  a  spring-loaded  safety-valve  is  23  feet  high:  what  extra 
pressure  per  square  inch  is  on  the  vall^  Should  the  pipe  become  filled  with  water  P  What 
would  be  wrongP    See  Ex.  3,  page  258. 
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10.  An  engineer  has  a  bonus  of  jfi  ^  ^or  co  d  economy ;  th3re  were  84  tons  left  at  1  Ss.  per 
ton :  what  was  his  per  centage  of  the  ysIuo  P    Bee  Ex.  5,  page  164. 

I  r.  What  boiler  pressure  should  be  allowed  for  a  shaft  15  inches  diameter :  the  diameter 
of  cylinder  is  58  inches,  and  length  of  stroke  36  inches  f 

jjj^        g a8^<f»  Where  B  =x  boiler  pressure. 

^'  ^  <f  =  diameter  of  shaft. 

D  =         „         cylinder. 
8  =  lengl^  of  stroke. 

13.  An  air-pump  is  16  in.  in  diameter  and  18  in.  stroke ;  the  cylinder  is  35  in.  diameter 
and  36  in.  stroke ;  the  Board  of  Trade  allows  ^  the  capacity  of  cylinders  for  the  oapaeity 
of  air-pump,  single-acting ;  the  air-pump  is  double-acting ;  is  the  capacity  more  or  lesi 
than  I  ?  Should  air-pumpe  be  larger  or  smaller  for  surface  oondensersi  and  why  P  See 
£x.  a,  page  342. 

EXAMINATION  PAPEE— No.  VHI. 

FOB  SECOND-CLASS  ENGINEERS. 

I.  9*  — (58  — >4)+ 14X  (21  —  9)- 

3.  What  IS  the  cost  of  wrought  iron  forging,  weighing  16  cwi  3  qrs.  14  lbs.,  at  zSs.  3d. 
per  cwt.  P    See  page  132. 

3.  The  diameter  of  cylinder  is  76  inches,  length  of  stroke  42  inches,  reyolutions  per 
minute  51,  and  pressure  of  steam  per  square  inch  3  V3  lbs. :  what  is  the  horse-power.  See 
Bule  CXII,  page  243. 

4.  The  travel  of  tiie  slide  9^  inches,  cover  3  J  inches,  lead  iV  inoh,  and  stroke  of  tha 
piston  42  inches :  how  far  is  the  piston  from  the  end  of  the  stroke  when  the  steam  is  cut 
offp    See  Bule  OXXXI,  page  291. 

5.  The  area  of  the  boUer  level  is  120  square  feet;  a  single-acting  donkey  can  pump  up 
17  inches  in  the  glass  per  hour,  diameter  of  pump  4  inches,  stroke  5  inches,  revolutions  per 
minnte  100 :  what  is  the  efficient  stroke  of  the  pump  P    See  Ex.  3,  page  240. 

6.  Diameter  of  the  piston-rod  at  the  bottom  of  thread  is  5}  inches ;  there  are  two  bolts 
in  the  cross-head  journal,  each  3^  inches  diameter :  what  is  the  proportion  of  the  area  of 
the  rod  to  that  of  Uio  bolts  P    Soe  Ex.  4,  page  1 85. 

7.  What  is  the  per  centage  of  strength  of  a  single-rivettcd  ssam,  diameter  of  rivets  }% 
pitch  i}^  and  thickness  of  pkte  f  *  P 

8.  There  are  2  side  bunkers,  each  5  ft.  3  in.  wide,  and  14  ft.  6  in.  high,  and  are  to  con- 
tain 70  tons  of  coal :  what  is  the  length  of  each  P  and  how  many  cubic  feet  will  you  allow 
per  ton  P 

9.  What  is  the  rubbing  surface  of  a  packing  ring  whose  diameter  is  65  inches,  and  width 
si  inches  P 

10.  When  the  temperature  of  the  hot- well  was  iio^  Fahrenheit  the  evaporation  was 
7*1  lbs.  of  water  for  i  lb.  of  coal:  what  will  bo  tho  evaporation  if  the  temperature  of  the 
hot- well  is  increased  to  160°  P 

Increase  =  — ^     See  Ex.  15,  page  397. 

II.  The  speed  of  the  ship  is  8 J  knots  per  hour,  with  a  consumption  of  9  tons  per  day ; 
but  the  speed  is  increased  to  9*7  knots  per  hour,  with  a  consumption  of  lo'i  tons  per  day : 
what  is  the  rate  of  cost  per  day  saved  P 


Mule,     -k^tk™     ^^  ^*-  ^»  P*80  »7^- 


12.    Verify  the  above  formula,  working  under  the  two  conditions  for  a  voyage  of  1600 
miles.    Soe  Ex.  7,  page  276. 

000 
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EXAMINATION  PAPEE— No.  IX. 
FOB  SEOOND-CLASS  EKGINEEES. 

X.    Ezprefls  in  words :  900999009. 
3.    48 -7-6  +  8X2  —  4* 

3.  Add  together  £2^  19B.  and  £^s  '^^*  '^m  ^^^  divide  the  sum  by  25. 

4.  How  many  bolts  1}  inch  diameter  are  required  for  a  cylinder  oover  54  inches  dia- 
meter, the  pressnre  being  70  lbs.,  and  the  strain  per  sqoare  inch  of  section  is  not  to  exceed 
aooo  lbs.  f 

5.  A  coal  bnnker  is  22  ft  4  in.  wide  by  13  ft.  11  in.  high,  and  in  12  days  a  section  of  the 

bunker  16  feet  long  was  consumed :  what  was  the  consumption  per  day?    See  page  220. 
> 

6.  In  a  wheel  and  axle  the  diameter  of  the  barrel  was  8{  inches,  and  that  of  the  rope 

I  inch;  the  crank  handle  was  15  inches  long,  and  the  weight  was  250  lbs. :  what  was  the 
force  exerted,  allowing  zo  per  oent.  for  friction  P    See  pages  424-425. 

7.  Three  engineers  receiye  £1 20  between  them  as  bonus ;  it  is  to  be  divided  among  them 
in  proportion  to  the  amount  of  wages  they  have  received  firom  the  company.  A's  wages 
are  £2^2  los.,  B's  are  ^^2^4  'S^v  ^^^  ^'b  ftre  jfio^  158. :  what  part  of  tiie  jfi^o  will  each 
receive  F-  See  Ex.  4,  page  160. 

8.  When  the  temperature  of  the  hot-well  was  1 14%  the  evaporation  was  8*3  lbs.  of  water : 
what  should  be  the  evaporation  when  the  hot-well  is  at  156*  P  Increase  =  ^^  See 
Ex.  15,  page  397. 

9.  A  slide-valve  is  worked  by  a  hooped  spindle,  the  hoop  surrounding  the  body  of  the 
valve ;  the  port  of  the  valve  is  20  inches  wide,  rectangular,  and  the  recess  is  4  inches  deep  - 
the  exhaust  port  of  the  cylinder  is  6}  inches  deep ;  the  steam  port  2f  inches ;  the  bars  if 
inches ;  internal  cover  |-  inch ;  and  lap  3  inches ;  the  valve  is  i^  inches  on  each  side  of  the 
ports,  hoe  of  the  valve  is  i  inch  thick,  and  the  rest  of  the  valve  is  |  inch  thick :  find  its 
weight  if  3*9  cubic  inches  weigh  i  lb.  P    See  page  268. 

10.  Add  together  5'  11  J',  17'  3}',  14  i  J%  3'  lo^V,  and  7'  oji*. 

11.  The  speed  of  a  ship  is  9*6  knots  per  hour,  and  her  consumption  12  tons  per  day ;  at 
another  time  her  speed  is  10*1  knots,  and  her  consumption  15  tons  per  day :  what  is  the  rate 
of  cost  per  day  saved  P    See  Ex.  6,  page  276. 

0,K  — OK, 
K,  — K 

.    12.    Verify  the  above  formula  by  working  at  full  length  under  the  two  conditions  for  a 
voyage  of  2500  miles.    See  Ex.  7,  page  276. 

EXAMINATION  PAPEE— No.  X. 

FOR  SEOOND-OLASS  ENGINEERS. 

I.  Add  together  £46  i28«  3d.,  £s6  198.  6d.,  £ts  4^.  6d.,  £$4.  4s.  4}d.,  ^^9^  "«•  ^id.9 
,C99  198.  9jd.,  ;C99  38.  7id.,and;fi54  us.  iiid. 

The  candidate  is  to  leave  out  rows  Nos.  4  and  7,  and  add  together  the  remainder. 

3.  A  steam  cylinder  64  inches  diameter,  steam  pipe  10  inches  diameter:  how  many 
square  inches  area  of  piston  is  there  for  i  square  inch  of  sectional  area  of  pipe  P 

4.  If  instead  of  using  12  gallons  of  oil  per  day  at  2s.  iid.  per  gallon,  you  use  8  gaUons 
per  day  of  a  different  quality  of  oil  whidh  costs  38.  4d.  per  gallon :  what  difference  of 
expense  will  that  amount  to  in  46  days  P 
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5.  What  is  the  greateet  weight  that  can  be  safely  suspended  l>7  one  round  hemp  rope  17 
inches  in  girth? 

JZn^.^Girth  sqoared  -r  A  =  answer  in  tons. 

6.  There  are  la  teeth  in  the  ratchet  of  the  taming  gear,  and  30  in  the  worm,  which  at 
each  pull  of  the  lever  advances  3  teeth,  at  la  polls  per  minnte :  in  what  time  wfll  a  crank 
be  moved  from  the  top  centre  to  the  bottom  P 

7.  The  steam  ports  are  each  27  inches  by  3I  inches,  the  steam  lap  is  a}  inches,  the  travel 
of  the  valve  is  9  inches :  what  is  the  area  of  the  greatest  opening  for  steam  P     See  Ex.  27, 

page  447- 

8.  The  thickness  of  the  shell  plating  of  a  cylindrical  boiler  of  the  best  oonstmotion  is 
i^  inch  thick,  diameter  of  boiler  1 1  feet  8  inches :  what  is  the  safe  working  pressore  P 

9.  The  safety-valve  is  $\  inches  diameter,  its  bearing  &ce  is  qoite  flat':  what  is  the  lift 
when  the  opening  is  i  of  the  area  of  the  valve  P    See  Ex.  8,  page  259. 

10.  The  feed  water  contains  4}  ozs.  of  saline  matter  to  the  gallon :  if  f  of  the  feed  be 
blown  off  continaoasly,  what  will  be  the  saltness  of  the  water  in  the  boiler  P 

11.  A  compound  engine  has  one  cylinder  3a  inches,  the  other  58  inches  diameter :  what 
is  the  N.H.F.  (nominal  horse-power)  at  30  drcnlar  inches  of  piston  to  1  horse-power  P 

EXAMINATION  FAPEB— No.  XL 

FOB  FIBST-OLASS  EKGINEEBS. 

I.  The  effective  pressure  per  square  inch  on  the  surfiM)e  of  a  piston  is  35  lbs.,  the  tota^ 
pressure  89*3  tons :  what  is  the  diameter  of  the  piston  P    See  Ex.  44,  page  450. 

a.  If  the  drag  of  friction  be  '055  of  the  pressure,  what  H.P.  is  expended  on  the  fijotioa 
of  a  thrust  bearing  with  6  collars,  the  mean  diameter  of  the  collar  being  14  inches,  the 
shaft  making  57  revdntions  per  minute,  and  the  average  pressure  7  tonsP  See  Ex.  1  &  a, 
pages  413—414- 

3.  If  the  drag  of  friction  be  '05  of  the  pressure,  and  if  the  pressure  of  the  connecting- 
rod  on  the  crank-pin  be  uniform :  what  per  centage  of  that  is  lost  by  friction  on  the  crank- 
pin,  the  stroke  being  33  inches,  and  the  diameter  of  the  crank-pin  9  inches  P    See  page  414. 

4«  If  the  maximum  strain  to  be  allowed  on  iron  be  taken  as  51520  lbs.  (a3  tons)  per 
square  inch :  what  should  be  the  depth  at  the  fulcrum  of  an  iron  lever  whose  thickness  is 
i^  inches,  to  support  i^  tons  at  the  extremity,  the  lever  arm  being  18  inches  long  P  See 
Bule  CXXXV,  pages  406-407. 

5.  If  the  maximum  strain  to  be  allowed  on  iron  be  taken  as  51520  lbs.  per  square  inch : 
what  pressure  may  be  applied  at  the  end  of  a  crank  15  inches  long,  to  be  transmitted  by  a 
shaft  9^  inches  diameter  P    Torsion  only  to  be  taken.    See  Bule  OXXXVI,  pages  408-409. 

6.  What  is  the  maximum  strain  per  square  inch  on  a  screw-shaft  due  to  the  over-hang 
of  a  propeller  weighing  3  tons,  the  centre  of  weight  being  34  inohoi  from  the  point  oC 
support,  and  the  shaft  9  inches  diameter  P    See  Ko.  3a8,  page  410. 

7.  In  a  double-rivetted  boiler  the  rivets  are  }  inch  diameter,  and  placed  at  a^  pitch,  the 
plates  are  |  inch  Uiick :  what  per  centage  of  strength  has  the  seam  as  compared  with  the 
strength  of  the  solid  plate  P    See  Ex.  i,  page  a 30. 

8.  A  boiler  measures  18  feet  11  inches  long,  19  feet  broad,  rectangular;  the  water  is 
10  feet  4  inches  high,  and  one-third  that  space  is  furnaces  and  tubes,  the  rest  is  water. 
The  frimace  consumes  12  cwt.  of  coal  per  hour,  and  each  lb.  of  coal  is  equal  to  heating 
12000  lbs.  of  water  1^  Fahrenheit.  The  difference  between  the  temperature  of  65  lbs.  of 
steam  and  of  70  lbs.  of  steam  is  5^*1 :  in  what  time  will  the  pressure  rise  from  the  former  to 
the  latter  preaiuze  if  all  the  yalvea  ure  shut  and  the  fires  in  action  P   See  page  223. 
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9.    Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is  cut 
off;  whether  the  slide-yalve  is  correct  or  requires  alteration,  and  if  the  latter,  what  ? 

From  the  engine  of  the  S.S.  Bremen,  hy  Caird  &  Co.    Steam  cut  off  13}  inches  of  stroke, 
cylinder  90  inches  diameter,  length  of  stroke  3  feet  6  inches. 

Note. — This  vessel  steams  fast  with  a  low  consumption  of  fuel. 


Top  of  cylinder. 
Steam  side. 


Fig.  135. 
Scale  of  loths. 


Bottom  of  cylinder. 
Steam  side. 


Vacuum  side. 

to.  The  stroke  of  an  engine  is  27  inches,  the  slide-valve  travel  is  6}  inches,  the  cover  on 
the  steam  port  t-fg  inches,  and  the  lead  -A  inch :  at  what  distance  from  the  end  of  the  stroke 
willthopistonbe  when  the  steam  is  cut  off  P    See  page  291. 

EXAMINATION  PAPEB— No.  XH. 


f. 


3. 


FOB  SECOND-CLASS  EKGIKEERS. 
•oil  +  H:iK 

Find  the  square  of  the  third  line  and  divide  hy  the  sixth  line. 

0*124 

0'128 

2-876 
6-814 

3.  3  firemen,  3  monthfl'20  days,  at  £%  per  month. 
17  hoilermakerSy  1,  6s.  per  day. 

30  labourers,    „  „  3s.  3d.  per  day. 

4.  A  cask  of  tallow  weighs  600  lbs.  and  the  price  is  4d.  per  lb. ;  the  cask  alone  is  60  lbs. : 
what  is  the  cost,  allowing  8  per  cent,  for  discoxmt  P 

5.  From  the  19th  of  May,  at  7**  1$^  a.m.,  to  the  2nd  of  July,  at  lo^  30™  p.il,  the  con« 
sumption  was  480  tons,  and  the  distance  gone  13891  knots :  find  the  mean  consumption  and 
mean  speed. 

6.  An  engine  of  170  N.H.P.  is  repaired  three  times  in  the  year  at  the  cost  mentioned  as 
Ko.  4  in  the  following  list ;  the  second  time  at  the  cost  marked  as  No.  i  in  the  list,  and  the 
third  time  at  the  cost  marked  No.  6  in  the  list :  what  is  the  average  cost  per  N.H.P.  per  year  P 

Cost  ist  time  as  matked  No.  4  in  list,  >C<2<> 
2nd  ,{  t       ^       174 

3rd  „  6       „         85 


»f 
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7.  A  ship  with  a  certain  draught  is  put  down  i*  with  a  weight  of  37  tons :  find  the  area 
of  the  water-level  of  the  ship  in  square  feet.    See  Ex.  62,  page  455. 

8.  The  sectional  area  of  a  ship  at  the  water  level  was  4821  square  feet ;  her  draught 
hefore  tiking  in  her  hunker  coals  was  19*7  feet  aft  and  19*4  feet  forward ;  after  coaling  the 
draught  was  21  feet  aft  and  20' 8  feet  forward:  how  many  tons  of  coal  were  taken  iuF 
See  Ex.  63,  page  455. 

9.  The  scale  of  iron  rust  has  hoon  taken  off  which  weighed  5  ozs.,  and  scale  consists  of 
112  parts  of  iron  to  48  oxygen :  how  much  iron  was  there  in  the  scale  P 

10.  The  ahove  scale  was  7*  hy  4' ;  it  was  of  uniform  thickness :  what  was  its  thickness  P 
I  r.    Tou  can  see  the  horizon  34  statute  miles  off:  what  is  your  height  of  eye  P 

RuU, — Square  the  miles  and  then  divide  hy  1*5. 

EXAMINATION  PAPER— No.  Xm. 

FOR  FIRST-CLASS  ENGINEERS. 

r.  A  propeller  of  20  feet  pitch  is  altered  to  1 8  feet  pitch,  but  an  indicator  diagram  shows 
the  same  point  of  cut-off:  the  ship  made  lo}  knots  with  the  first  pitch.    See  Ex.  3,  p.  275. 

2.  If  the  pitch  was  18  feet  and  revolutions  60,  the  ship  making  11  knots  per  hour,  and 
the  pitch  was  changed  to  19*6  feet :  how  many  revolutions  and  knots  will  she  now  znakeP 
See  page  275. 

3.  A  rectangular  bar  is  15  square  inches  in  section  and  60  inches  long ;  it  is  weighted  at 
the  end  by  a  weight  of  2240  lbs. :  what  is  the  depth  of  the  bar,  the  strain  being  12000  lbs.  P 

RuU.    Sto^EJLBxDxD_^^^     See  Ex.  r,  page  405. 

4.  In  the  last  question,  if  the  breadth  is  3  inches,  depth  5  inche?,  length  60  inches,  and 
weight  5000  lbs. :  what  will  be  the  strain  per  square  inch  of  section  P    Ex.  2,  page  406. 

5.  A  red  pine  beam  is  16  feet  long  by  12  inches  by  8  inches :  what  weight  can  be  laid  in 
the  centre  of  the  beam  if  the  working  weight  is  1^  of  the  breaking  weight  P  See  Ex.  3, 
page  406. 

^'-    r«.it!to-Tji  =  ''«««°8^''>8"'°«'^- 

6.  If  steam  at  50  lbs.  pressure  gives  60  revolutions  per  minute :  what  number  of  revolu- 
tions should  steam  at  58  lbs.  give  P    See  Ex.  56,  page  452. 

7.  Speed  K  knots,  and  P  mean  effecfive  pressure :  what  is  the  speed  of  the  vessel  when 
the  mean  effective  pressure  is  M  P    See  Ex.  2,  page  275. 

E  =  10 ;  P  =  29  lbs. ;  M  =  32  lbs. 

8.  If  the  shearing  strength  of  rivets  per  square  inch  of  section  is  taken  as  equal  to  the 
tensile  strength  of  plates  per  square  inch  of  section :  what  is  the  strength  of  a  double  seam 
of  rivets  of  the  following  dimensions  P    See  Ex.  4,  page  403. 

Diameter  of  rivets  =  J';  pitch  of  rivets  =  aj';  breadth  of  plate  =12^^;  thickness  of 
plate  I*;  tensile  strength  =:  23  tons  per  square  inch  of  section. 

9.  The  diameter  of  crank-pin  journal  is  — - —  and  its  lei\gth  is  the  same  size  as  diameter. 

The  diameter  of  the  L.P.  cylinder  is  72%  length  of  stroke  45',  and  the  areas  of  the  two 
cylinders  are  to  each  other  as  t  to  4.  The  effective  pressure  per  square  inch  at  the  beginning 
of  the  stroke  is  18  lbs.  on  the  L.P.  piston,  and  54  lbs.  on  the  H.P.  one :  what  is  the  pressure 
per  square  inch  on  the  surface  of  the  crank-pin,  supposing  the  brasses  to  be  a  perfect  fit  P 
See  Ex.  13,  page  405. 
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10.  Upon  every  sqaare  foot  of  fire-gprate  surface  is  bamt  1 2  lbs.  of  coal  per  hour ;  eadh 
lb.  of  coal  evaporates  7-1  lbs.  of  water ;  the  superheater  is  3*1  cubic  feet  of  capacity  for  every 
square  foot  of  fire-grate ;  the  volume  is  512  times  that  of  the  water :  what  is  the  average 
time  each  portion  of  steam  remains  in  the  superheater  f    See  Ex.  13,  page  444* 

1 1.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is  cut 
o£r,  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  t 


"From  the  S.S.  Bm$lop0. 
Fig.  136. 


i 

s 
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EXAMINATION  PAPEB— No.  XIY. 

FOB  FIRST-CLASS  ENGIKEEBS. 

I.  If  28  lbs.  of  water  at  1 1 2°  Fahrenheit  be  added  to  4S  lbs.  at  200^  Fahrenheit :  what 
wUl  be  the  resulting  temperature  P 

(24  +  r2)fc 
^-      (4~2)» 

3.  A  bonus  of  £i%o  la  to  be  divided  between  3  engineers  in  the  proportion  of  their  wages, 
A's  wages  amoxmted  to  £19%,  B*b£Z6,  and  Cs  to  £l^  >  ^^^  share  of  the  /f^^o  ^^  each 
receive  f    See  Ex.  4,  page  160. 

4.  The  steam  pipe  is  12  inches  diameter,  and  goes  inside  the  boiler ;  the  part  inside  has 
slots  6  inches  long  and  ^  inch  wide :  how  many  slots  must  there  be  to  make  an  area  equal 
to  double  the  sectional  area  of  the  pipe  P    And  what  are  the  slots  for  P    See  page  442. 

5.  AT  headed  piston  of  an  oscillating  engine  whose  dimensions  are  12  feet  6  inchci 
over  all,  and  8  inches  diameter ;  the  T  head  is  30  inches  long,  10  inches  wide,  and  5  inches 
deep :  what  is  the  weight  of  it  P    And  make  a  sketch.    See  Ex.  37,  page  449. 

.6.  The  piston  is  48  inches  diameter,  and  the  pressure  is  29  lbs.  per  square  inch ;  the 
length  of  the  crank  is  24  inches,  and  the  connecting-rod  8  feet  4  inches :  what  ia  the  strain 
per  square  inch  section  of  the  face  of  the  cross-head,  the  face  being  12  inches  by  10  inches  P 
Sketch  it,  showing  the  position  of  the  greatest  strain. 

KoTB.— The  pressure  on  the  guide  has  the  same  proportion  to  the  pressure  on  the  piston 
Si  the  length  of  the  crank  has  to  the  length  of  the  connecting-rod. 
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7.    A  safety-yalTOi  6  inches  diameter,  has  a  spiral  Spring  5  inches  in  diameter  outside, 
and  I  inch  thickness  of  steel :  what  is  the  pressure  per  square  inch  P 


Formula 


8000  «s 


;  where  t  is  the  thickness  of  steel,  and  dzz.  diameter  of  spring  from  centre 


of  steel  to  centre  of  steel. 

8.  What  is  the  atmospheric  pressure  in  Ihs.  per  square  inch  in  the  following  diagram, 
(the  weather  barometer  showing  29  inches),  if  2*04  inches  of  mercury  were  equal  to  i  lb.  per 
square  inch  P 


8 

^1 


so 


o 


i 


§s 


1 


KoTB. — According  to  the  density  of  steam  at  18  lbs.  gross  pressure,  that  is,  about  3  lbs. 
above  the  atmosphere  by  the  steam  gauge,  it  would  take  just  35  lbs.  weight  of  steam  per 
hour  to  produce  one  I.H.F.,  if  worked  without  expansion,  and  also  without  back  pressure 
or  other  loss.  At  higher  pressures  (less  than  35  lbs.)  steam  would  produce  the  same  result ; 
but  there  are  several  considerations  which  lead  to  the  adoption  of  35  lbs.  as  a  convenient 
standard  in  estimating  approximately  the  oost  of  evaporation  and  of  H.P.  from  indicator 
dia9;ramB, 
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9.  Draw  the  line  of  perfect  yacuum  on  the  diagram,  and  measare  off  the  pressure  denoted 
by  Pi  and  V^^  viz.,  the  gross  pressure  at  iV  of  the  stroke  from  the  beginning  for  both 
Btrokesi  Pi  being  the  down,  and  P3  the  up  stroke,  and  determine  the  tons  of  steam  for  24 
hours  as  giren  by  the  card. 

Rul$,    ^^^^  StL— ^  ==  ^^s  of  steam  for  24  hours.    See  pages  453-454. 

10.  What  is  the  I.H.P  of  the  engine,  diameter  of  cylinder  6S  inches,  length  of  stroke 
3  ft.  6  in.,  and  revolutions  per  minute  60 ;  the  scale  being  16  lbs.  r=  i  inch  F 

I  r.  And  what  is  the  least  consumption  per  I.n.P.  per  hour  which  would  give  10  lbs.  of 
evaporation  for  i  lb.  of  coal  P    See  Ex.  6f ,  page  454. 

EXAMINATION  PAPER— No.  XV. 

FOR  FIE8T-CLASS  ENGINEERS. 

1.  A  ballast  donkey  discharges  a  tank  in  3^  hours  alone,  and  the  boiler  donkey  in  8} 
hours  alone :  how  long  will  they  take  to  do  it  working  together?    See  pages  336-237. 

2.  A  sling  chain  when  lifting  a  5  ton  weight  forms  a  triangle  with  two  sides  of  7}  feet, 
the  base  is  12}  feet,  and  height  of  triangle  4*14  feet :  what  strain  is  there  upon  each  half  of 
the  sling  P    See  Ex.  i,  page  411. 

3.  A  packing  ring  of  a  cylinder  is  73^  inches  diameter,  before  being  cut  was  75}  inches : 
how  mudi  must  be  cut  out  of  the  circumference  to  make  it  fit  the  cylinder  P  See  Ex.  39, 
page  449. 

4.  The  S.S.  CandidaU  left  port  on  the  ist  instant  on  a  voyage  of  3120  miles  with  a  stock 
of  coals  of  800  tons ;  distances  run  each  day  250,  255,  270,  290,  280,  285,  270,  and  265  miles; 
coals  consumed  each  day  58,  60,  61^  6s,  62,  65,  60,  and  58  tons. 

Make  out  a  tabular  statement,  and  say  whether  there  is  a  sufficiency  of  coal  to  reach  her 
port  of  destination.    See  Ex.,  page  217. 

5.  A  lead  wire  '072*  diameter  after  testing  the  brasses  is  flattened  to  {'  broad :  how  many 
thicknesses  will  make  one  inch  P    See  Ex.  47,  page  450. 

6.  For  steam  above  1 2  lbs.  pressure  above  the  atmosphere,  the  weight  of  steam  that  will 
escape  through  an  orifice  one  square  inch  in  area  is,  in  70  seconds,  just  equal  to  the  pounds 
of  the  gross  pressure  of  steam  per  square  inch :  to  what  breadth  of  opening  must  a  6  inch 
safety- valve  rise  to  allow  the  escape  of  10500  lbs.  of  steam  per  hour,  the  pressure  carried 
being  70  lbs  P    See  Exs.  1-2,  page  255, 

7.  A  pair  of  blocks  and  ropes  are  used  to  hoist  a  weight  of  2  tons,  the  rope  is  fastened  to 
the  top  block,  and  there  are  3  sheaves  in  each  block :  what  is  the  strain  upon  the  single  of 
the  rope,  neglecting  friction?    See  pages  438-439. 

8.  In  the  last  question,  supposing  10  per  cent,  to  be  lost  at  each  sheave  by  friction  :  what 
will  be  the  pull  at  the  free  end  of  the  rope  when  raising  the  weight  ?    See  pages  438-439. 

9.  If  the  compression  of  a  spring  that  loads  a  safety-valve  be  2  inches,  and  the  pressure 
to  which  the  valve  is  loaded  6$  lbs.  per  equare  inch  :  what  will  be  the  load  per  square  inch 
on  the  valve  when  it  is  lifted  to  give  an  area  of  escape  equal  to  i  of  the  area  of  tho  valve  ? 
The  face  of  the  valve  is  flat.    The  valve  is  6  inches  diameter.    See  Exs.,  page  256. 

10.  Work  out  tho  following  indicator  card,  and  show  the  point  where  the  steam  is  cut 
ofl^  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  F 
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Hcan  pre' sore  56*2  Ibe. 
LH.P.  4436. 


High  preMore  oylinder.— Fig.  138. 


Fall  Gear 


Scale     "A*^ 


Low  prcssnfe  oylioder.— Fig.  139. 


Mean  preitiire  1 1-4  Iba. 
LH.P.  360. 


EXAMINATION  PAPBB.— XVI. 
FOB  FIBST-CLASS  ENGINEEBa 

I.    (lai  —  140)4  +  7X3- 

3.    What  is  the  ram  of  A  u^  A. 

3.  iV  of  I  —  laih  part  of  7a. 

4.  Some  repairs  took  9  men  9  hours  per  day  for  9  days,  and  oost  jC^o  3IU  9d. ;  if  10  man 
had  been  employed  for  10  honrs  per  day:  how  many  days  would  they  have  taken  P  and 
what  would  have  been  the  daily  pay  per  man  rappoia  the  same  total  sum  were  paid  for  the 
job?    See  pages  I5a.i57. 

5.  A  tank  67  ft.  long,  23ft.  6  in.  broad,  and  4  ft.  5  in.  high :  how  long  will  it  take  to 
pump  it  out  by  a  double-aoting  donkey,  the  diameter  of  whose  piston  is  8  in.,  stroke  11  in., 
rerolutions  per  minute  7 1,  if  15  per  oent  is  non-eflloient  ?    See  Ex.  42,  page  45a 

6.  A  condenser  door  is  5  ft.  10  in.  by  4  ft.  9  in. ;  there  are  21  bolts  one  way  and  18  the 
other:  find  the  number  of  bolts,  and  the  pitoh,  if  the  bolts  be  i}  in.  fkom  the  edge  of  the 
plate.    See  Ex.  34,  page  448. 

7.  What  is  the  pressure  per  square  inob,  when  the  tempenioxe  Is  80^  Fahxenhsit^  and 
the  barometer  shows  29I  in.  f 

Bute,    ^f-*   See  Bx.  7,  page  396. 

8.  If  the  pressure  gauge  be  50  lbs.,  and  the  area  of  water  level  in  the  boiler  be  120 
square  foet :  how  long  would  it  take  to  lower  it  6  in.  through  a  |  in.  rivet  bdng  Uown  out 
of  the  ash  pit  P    See  Ex.  17,  page  444. 

9.  If  it  take  800  lbs.  at  a  leverage  of  12  in.  to  break  a  stud  i  in.  diameter :  what  fccoe 
will  be  neoesiary  to  break  a  i  in.  stud  at  a  leverage  of  18  in.  P   8eo  Ex.  i|  page  412. 


XmrnutioK  Riftri. 


t«.  Whftt  U  the  wBlsht  of  a  oftEt  iron  ball  of  t  inohu  diameter,  if  -ij7  Ibi.  be  equal  to 
I  cubic  incbF    See  Bnle  LXXXVII,  page  191. 

II.  Diamatei  of  high  pieunre  piston  j*  inches,  stroke  33  inohei,  and  steam  carried 
for  I  the  itroke ;  there  are  i  loo  cubic  icct  of  rteam  capacity  in  boiler  1  hoT  manf  strokes 
will  be  reqniied  to  draw  off  that  amonntf    See  Ex.  43,  page  4jo. 

)].  If  o'45j6  kilogranu  be  equal  to  i  lb.  Engllih,  aod  if  joa  pay  ^9  los.  4d.  for  tOQ 
kilognuns  of  tallow :  how  much  will  that  be  pei  lb.  P 

13.  Work  out  the  fblloving  indicator  oatd,  from  a  oomponnd  Knew  engine,  and  iliow 
whether  the  alidc-ralve  is  comot  or  re^nlrei  alteiation,  and  if  the  lattei,  whatf  AIM 
(Utennino  the  indicated  hone-power  foi  each  cylinder. 

Diagram  taken  from  a  oompoand  engine. 
Fig.  140.  Fig.  141. 


Staithnaium  Papen.  ^jf 


EXAMINATION  PAPEE.— No.  XVU. 
FOB  FIRST-CLASS  EKQIKEEBS. 


'•    •so  +  34  -  (3  +  3). 

2.  What  18  the  radios  of  a  circle  whose  area  is  equal  to  that  of  a  rectangle  whose  sides 
are  7963*7  and  674*3  ^    ^^^^  LXXYII,  page  185. 

3.  Five  hollers  with  4  famaces  in  each ;  there  are  2  lengths  of  hars,  and  17  hais  in  each 
length,  each  har  weighing  4a  lbs. :  what  would  a  fnll  set  cost  at  7s.  6d.  per  cwi  f 

4.  A  screw'shaft  26  feet  over  all  and  13  inches  in  diameter;  the  coupling  flanges  are  27 
inches  diameter  and  4  inches  thick,  there  are  6  holes  in  each  coupling  3}  inches  diameter  t 
what  is  the  weight  of  the  shaft  P    See  Ex.  i ,  page  265. 

5.  An  engine  counter  has  6  counting  wheels,  and  it  stood  at  '007 436  at  the  commenoement 
of  the  voyage,  and  you  know  that  it  has  gone  twice  round,  it  now  stands  at  '000624 :  how 
many  knots  has  the  ship  gone,  the  pitch  being  21  feet  P 

6.  A  coal  bunker  is  32  feet  at  the  top,  29  feet  in  the  middle,  and  24  feet  at  the  bottoniy 
it  is  30  feet  long  and  20  feet  high :  how  many  tons  will  it  hold  at  45  cubic  fbet  to  the  ton  f 
Ex.  3,  page  203. 

7.  In  altering  the  pitch  of  a  screw-propeller  it  is  found  that  the  mean  eflfootiYe  pretsnii 
of  the  indicator  diagram  is  not  altered,  the  product  of  the  pitch  by  the  square  of  the  knotf 
per  hoiur  is  not  altered. 

Questum. — If  the  pitch  is  altered  as  under,  what  will  be  the  speed  of  the  remA,  the  diagram 
remaining  the  same  P    Ex.  50,  page  45  r. 

Old  pitch  14  feet^  speed  8  knots,  new  pitch  13  feet. 

8.  The  pressure  forcing  a  sUde-yalTe  upon  a  cylinder  &oe  depends  a  great  deal  upon  fhe 
st  ite  of  the  surface ;  but  in  a  common  slide-yalve  it  is  nerer  far  from  equal  to  the  difference 
between  the  pressure  per  square  inch  in  the  exhaust  passages,  calculated  for  an  area  equal 
to  the  sum  of  the  area  of  the  port  in  the  valve  added  to  the  area  of  the  steam  port. 

QMM^tbif.— The  port  of  the  slide-valve  is  9  inches  by  28  inches,  the  port  of  the  cylinder  if 
inches  by  28  inches,  the  steam  gauge  showed  36  lbs.,  and  the  back  pressure  is  4  lbs. :  find 
the  pressure  forcing  the  slide  upon  the  cylinder.    Ex.  28,  page  447. 

9.  There  are  3  cross  bunkers  in  a  ship,  the  coals  in  the  centre  one  do  not  alter  the  trim 
of  the  ship,  but  the  coals  in  the  other  two  will,  unless  properly  proportioned  between  them ; 
the  forward  bunker  is  34  feet  from  its  centre  to  the  centre  of  the  middle  one,  while  the  after 
bunker  is  76  feet  frt>m  the  same  centre;  you  have  to  put  400  tons  of  ooal  in  these  two 
buxikers  so  that  the  ship  may  keep  her  trim:  how  many  tons  must  go  in  each  P 

10.  A  pair  of  common  engines  of  180  K.H.P,  If  30  circular  inches  be  equal  to  one 
N.H.P.,  what  is  the  diameter  of  the  cylinder  P 

11.  A  paddle-wheel  which  is  30^  feet  frt>m  centre  of  float  makes  20  revolutions  per 
minute,  the  ship  making  15  knots  per  hour :  what  is  the  amount  of  slip  P    See  page  27 1. 

12.  A  steamer  over  the  measured  mile  is  5  minutes  10  seconds  with  the  tide,  and  7 
minutes  10  seconds  against  the  tide :  what  was  her  correct  rate  of  steaming  t 

13.  Work  out  an  indicator  card,  and  show  the  point  where  the  steam  is  cut  off;  whether 
the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P  Also  determine  the 
indicated  horse-power  for  the  high  and  low  pressure  cylinders  respectively. 
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Gomtroa  Slide. 


Common  Slide. 


Fig.  141. 
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EXAMINATION  PAPEB— No.  XVIII, 
FOR  FIBST-CLASS  ENGINEERS. 

2.  If  8000  lbs.  18  the  strain  allowed  on  plate  iron,  what  would  bo  the  pressure  on  a  boiler 
12  feet  in  diameter,  double  riyetted,  }  inch  rivets  and  2|  inch  pitch,  thickness  of  plate  | 
inch,  crossings  not  to  be  taken  into  account  P    Sec  Ex.  7,  page  443. 

3.  Upon  every  square  foot  of  fire-grate  is  burnt  16  lbs.  of  coal  per  hour,  each  lb.  of  coal 
evaporates  8  lbs.  of  water,  the  superheater  has  3*5  cubic  feet  of  capacity  for  every  square 
foot  of  fire-grate;  the  volume  is  381  times  that  of  water;  what  is  the  average  time  each 
portion  of  steam  remains  in  the  superheater  ?    See  Ex.  13,  page  444. 

4.  The  diameter  of  a  piston-rod  at  the  smallest  part  is  iV  of  diameter  of  piston :  what  is 
the  tensile  strain  on  tbe  piston-rod|  the  pressure  being  40  lbs.  per  square  inch,  and  the  back 
pressure  3*4  lbs.  per  square  inch,  the  diameter  of  the  body  of  the  rod  being  ^  that  of  the 
cylinder  P    See  Ex.  lo,  page  404, 

5.  The  cable  tank  of  a  telegraph  steamer  is  21  feet  7  inches  diameter  and  21  feet  3 
inches  high ;  it  is  to  be  used  as  a  coal  bunker,  but  half  the  bottom  for  3  feet  is  covered  with 
gear :  what  quantity  of  coal  will  it  contain,  and  how  long  will  it  last  at  45  tons  per  day  P 

6.  Slide-valve  worked  by  a  hooped  spindle,  the  port  of  valve  is  14  inches  wide,  the 
exhaust  port  4  inches  deep,  steam  port  2  J  inches,  bars  i^  inch,  internal  cover  ^^  inch,  the 
valve  is  i^  inch  on  each  side  of  the  ports  and  has  2  inches  lap,  the  face  of  valve  i  inch 
thick,  and  the  rest  { inch  thick ;  the  port  of  the  valve  is  rectangular,  3  inches  deep :  find 
the  weight  P    3*9  cubic  inches  equal  i  lb.    See  No.  273,  page  a68. 

7.  The  diameter  of  a  cylinder  is  60  inches,  stroke  40  inches,  diameter  of  shaft  9  inches : 
find  the  effective  pressure  on  the  piston  per  square  inch. 

Tunnel  shaft  ^^  —  =:  pressnre"on  piston. 

8.  Sea  water  is  50%  and  the  water  in  the  hot-well  is  1 14^  temperature :  if  the  sea  water 
rises  to  83°  and  yon  cannot  put  on  more  injection :  what  is  now  the  temperature  of  the  hot- 
well  P    See  Ex.  3,  page  295. 

9.  What  is  the  horse-power  when  the  diameter  of  cylinder  is  77  inches,  stroke  36  inches, 
cut  off  at  10  inches,  and  revolutions  74  per  minute,  the  steam  gauge  showing  68  lbs.,  and 
the  back  pressure  5*8  lbs.  P    See  Ex.  3,  page  290. 

P  Is  the  gross  pressure  at  the  beginning  of  the  stroke. 

R  is  the  number  of  times  the  steam  is  expanded. 

Then  P  X  (*^^^  +  ^)  =  n^o»a  pressure. 

10.  Two  dde  bunkers,  each  6  feet  9  inches  wide  and  14  feet  6  inohes  high,  and  to  contaia 
7otonsof  ooal:  what  should  their  length  be  P    See  page  203. 

11.  The  piston  is  75  inches  diameter,  and  at  the  beginning  of  the  stroke  the  pressure  is 
38  lbs.  per  square  inch :  if  the  crank-pin  is  12  inches  diameter,  what  length  should  it  be  in 
the  bearing  if  the  pressure  on  the  oil  is  not  to  exceed  700  lbs.  per  square  inchP    See  Ex. 

"»I«g«405- 

1 2.  On  starting  on  a  voyage  the  consumption  was  1 1  tons,  the  temperature  of  the  funnel 
was  531%  but  at  the  end  of  a  few  days  the  temperature  was  found  to  be  750^ :  what  was  the 
cause  of  this,  and  what  was  the  increased  cost  of  consumption  P    See  Ex.  19,  page  398. 

=  increase;  where  F  =  diff.  of  temp.  X  the  original  consumption. 


aaoo 

13.  A  shaft  29  feet  6  inches  long  over  all,  diameter  of  shaft  1 1  inches,  there  are  2  flanges 
each  3  inches  thick  and  20  inohes  diameter,  there  are  5  holes  through  each  coupling  2} 
iuches  diameter :  find  the  weight  and  give  a  sketch  of  it. 


47^ 


£tammaiian  JP§p¥n* 


14.    The  diameter  of  high  pveetaie  pifton  if  38  inchee,  ttioke  36  inches, 
for  )  stroke,  there  are  1400  cubic  feet  of  steam  capacity  in  the  boilers :    how 
will  it  require  to  draw  that  amount  off?    See  Ex.  43,  page  45a 


is  carried 
many  stzolcei 


15.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is  eat 
tM^  whether  the  slide-yalye  is  correct  or  requires  alteration,  and  if  the  latter,  what  f  Also 
determine  the  total  estimated  horse-power. 

S.S.  /.  C,  Steventon.    Voyage  to  Port  Said.    Jan.  5th,  iSys. 


Fig.  144. 
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EXAMINATION  PAPER-No.  ynr 

FOB  FIRST-CLASS  ENGINEERS. 

1.  '675  is  to  what  number  08  4  to  9. 

2.  Find  the  raloe  of  £iO'S9> 

3.  Ezprees  the  sum  of  '525  and  '625  at  a  mlgar  fraction. 

4.  (340  —  16)4  +  2X6. 

5.  A  compoand  engine  has  a  steam  receirer  round  the  high  pressure  cylinder  equal  in 
diameter  to  that  of  the  lower  pressure  cylinder,  and  the  steam  chest  for  slide-Talves  is 
between  the  cylinders ;  distance  between  the  centres  of  cylinders  84  in.,  diameter  of  Ij.P. 
cylinder  is  50  in.,  and  depth  63  in. :  how  many  square  feet  of  felting  ndll  be  required  to 
coTcr  it  P    See  Ex.  22,  page  446. 

6.  The  topmast  of  a  ship  is  71  feet  above  the  level  of  the  sea  when  upright,  but  when 
fore  and  aft  sails  are  set  she  heels  over  till  the  topmast  is  only  62  feet  above  the  sea  level ; 
the  diameter  of  the  valve  is  4  in.  and  is  loaded  to  480  lbs. :  what  will  she  blow  off  at  when> 
heeling  over  at  this  angle  P    See  Ex.  2,  page  257. 

7.  The  piston  is  93  in.  diameter,  effective  pressure  of  the  steam  45  lbs.,  length  of  the 
crank  21  in.,  and  diameter  of  shaft  z6  in. :  is  the  shaft  strong  enough  P  and  what  is  the 
strain  per  square  inch  of  section  P 

Formula  S  =  ^^^:J^  8  =  strain  per  square  inch  section  of  shaft. 

^'  W  =  weight  at  leverage  (=  a). 

d  =  diameter  of  shaft. 

8.  There  are  3  boilers  with  3  fiimaces  each ;  the  diameter  of  each  fire-grate  is  3  ft.  3  in. : 
how  many  tons  of  coal  will  be  consumed  per  day,  and  how  many  H.P.  will  be  indicated  f 

9.  An  engine  of  826  I.H.P.  uses  21  lbs.  of  steam  per  LH.P.  per  hour;  one  air-pump, 
nngle-acting,  20  in.  diameter,  19  in.  stroke,  and  making  50  revolutions  per  minute:  how 
many  inches  of  the  stroke  will  be  full  P 

10.  The  steam  gauge  shows  45  lbs.,  and  is  carried  for  14  in.  of  the  stroke,  the  length  of 

the  stroke  being  30  in.,  and  the  mean  effective  pressure  40  lbs. :  what  is  the  oo-effident  of 

efficiency  P 

meaa  presgore  x  length  of  stroke 


0  = 


gross  pressure  x  (length  of  admission  +  dearanoe) 


11.  If  the  loss  by  blowing  off  is  'i  2  of  the  fuel  used,  the  temperature  of  the  steam  320% 
and  of  the  feed  1 10^ :  what  should  the  boiler  water  be  at  above  the  feed  density  P 

^  =  1(11130  73<~T+''    See  Ex.  20,  page  398. 

12.  If  10  lbs.  of  water  at  80^  Fahrenheit  be  added  to  100  lbs.  at  21a**  Fahrenheit :  what 
will  be  the  resulting  temperatureP    See  Ex.  5,  page  396. 

13.  If  29  drcular  inches  =  i  N.H.P.,  what  is  the  mean  effective  pressure  per  square 
Inch  required  to  indicate  3*8  times  the  N.H.P.,  if  the  piston  runs  400  Ibet  per  minute  P 

14.  A  rectangular  bar  is  6  inches  deep,  3  inches  thick,  and  is  broken  by  a  weight  of 
3200  lbs.  placed  35  inches  from  the  point  of  fracture :  what  was  the  strain  per  square  inch 
at  the  broken  part  P 

15.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  ii  out 
oSf  whether  the  slide-valve  is  correct  or  requires  alteratioui  and  if  the  latter,  what  P 
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ifi.  Tha  boiler  oontaina  60  toni  of  feed  wafer  vImd  sUrtingODft  voyiga.  The  water  in 
the  hot-well  throagh  Mme  leak  ia  -15  of  the  ultneM  of  the  bsb  :  how  many  tone  of  watet 
miut  hsTe  boen  eTaporatad  doriiig  the  vojage,  the  watec  in  the  boiler  at  the  end  of  the 
vojege  being  I'l  time!  the  saltnui  of  tho  tee  t    Ez.  i j,  page  444. 
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EXAMINATION  PAPER— No.  XX. 

FOE  FIBST-CLASS  ENGINEERS. 

I .  If  454  tons  of  Welsh  ooal  in  the  bunken  is  inffioient  for  a  voyage  of  2900  milee,  and 
Lancashire  coal  is  for  spaoe  in  the  proportion  of  46  :  40,  and  if  Inteior  in  qnali^  ai 
S'7  :  10-5 ;  vhat  distance  will  the  bunken  carry  her  if  filled  with  LuteasUffO  eoalf    ' 

3.  What  pressnre  is  allowed  on  a  plate  in  the  oombostioii  chamber  when  the  thlelBMi 
of  plate  is -A^,  and  the  stays  are  16' apart  P 

Tormula.    B  =  ^?-^i^'  Where B  =  boiler preww, 

®'~^  T  =  thiokneMofpkitaiBi6tha. 

8  ^Borfiioe. 

3.  And  what  would  be  the  smallest  diameter  of  stay  in  this  case  f 

4.  What  degree  of  Vahrenheit  will  correspond  to  129^  Centigrade^  Oentignde  being 
marked  o  at  freesing  and  100^  at  boiling  point  P  •  >     - 

5.  Three  years  ago  wages  were  ^^14  per  month,  and  were  increased  by  11  percent.;  it 
is  now  proposed  to  reduce  them  by  14  per  cent. :  what  will  be  the  new  rat^  of  wages  P 

6.  The  water  in  the  hot-well  is  1 1  a*,  and  the  Tacnnm  in  the  condense  is  1 1}  lbs.,  but 
by  some  accident  the  temperature  of  the  water  in  the  hot-well  rises  to  154^ :  whal  wiU  the 
vacuum  beP 

jj^.     rr  -  0  (T-y)  «-5°)  -  loM  of  Tacnnm. 

100000 

7.  If,  when  the  engines  are  making  41  revolutions,  the  mean  effeotSve  pressve  of  the 
steam  is  17  lbs. :  how  many  revolutions  will  the  engine  make  when  the  vaounpi  shows 
i}  lbs.  less  with  the  same  cut  off  of  the  steam  P 

8.  The  square  of  the  diameter  of  the  funnel  in  feet  is  equal  to  the  whole  width  of  the 
fire-grate ;  the  fire«bars  are  5  feet  9  inches  long :  how  many  square  feet  of  fiie^grale  seifeoe 
are  there  to  i  squsie  foot  of  funnel  section  P 

9.  Make  a  sketch  of  htlf  a  thrust-block  from  the  following,  and  find  its  we%h^  ^f^^  * 
cubio  inch  =  '3  of  a  pound. 

There  are  9  ooUars  each  ij'  thick,  with  1'  spaoe  between  them ;  diamelsr  of  shaft  9%  of 
collars  1 1',  of  seat  13',  and  of  flanges  13%  and  the  flanges  are  li'  thick  each.  See  Nf  •  27 1, 
page  367. 

10.  What  is  the  value  of  }  of  |  of  63  P 

II.  A  beam  of  11  owt.  rests  on  two  supports  A  and  B,  14  feet  apart;  a  weight  of  4  tone 
is  placed  7  feet  from  B,  and  another  of  7  tons  6  feet  from  A :  what  share  of  theei  weighta 
will  A  and  B  each  support  P 

12.  Find  the  thermal  xmits  of  heat  in  an  engine  of  the  following  dimensions :  dismetsr 
of  cylinder  70%  stroke  36',  revolutions  per  minute  60,  mean  pressure  38  lbs. ;  aii4  find  the 
coals  burnt  per  hour,  and  how  much  per  I.H.P.  per  day  P 

NoTi.— I  lb.  of  good  coal  gives  8000  thermal  units  of  heat  in  the  ftiraaoe,  bnt  by  the 
time  it  gets  to  the  piston  it  equals  about  800  thermal  units. 

13.  The  connecting-rod  is  adjusted  by  a  screwed  cutter,  the  screw  has  13  threads  to  the 
inch,  the  taper  of  the  cutter  is  §'  to  the  foot,  the  nut  is  6  canted :  required  the  number  of 
turns  and  cants  of  the  nut  to  bring  the  brasses  *oi'  closer. 

14.  When  a  safety-valve  has  the  area  required  by  the  Board  of  Trade,  and  is  spring 
loaded,  the  increase  of  pressure  due  to  the  increased  compression  of  the  spring  in  blowfrig 
off  steam  is,  with  bright  fires  and  engines  stopped,  about  equal  to  the  quotient  found  by 
dividing  the  dismeter  of  the  valve  by  its  original  oompreasJon, 
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Quution,^The  spring  has  6'  compression,  there  are  50  sqaare  feet  of  fire-grate  to  one 
Talve,  the  loaded  pressure  is  50  lbs.,  the  increase,  irrespectiTe  of  the  spring,  would  be,  say^ 
10  per  cent. :  to  what  pressure  would  the  steam  rise,  including  the  effect  of  the  spring? 

15.  The  piston  has  2827*44  square  inches  of  area:  find  the  length  of  a  shoe  15  inchei 
broad,  allowing  10  square  inches  of  piston  to  i  square  inch  of  valve. 

16.  There  are  two  cylinders  40  inches  and  76  inches  diameter,  275  N.H.P. :  how  many 
drcular  inches  is  that  per  N.H.P.,  and  what  is  the  ratio  of  one  to  the  other  P 

17.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  ii  out 
ofll^  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  f 
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EXAMINATION  PAPER— No.  XXL 
FOR  FIBST-OLASS  ENQIKEBBS. 

'•    iJ^^*    (.6J-.4i)  +  iJX3  =  4f 

a.  A  bonus  of  £t$o  is  to  be  divided  amongst  3  engineers  in  the  proportion  of  their 
wages ;  A's  wages  amount  to  ;£'i20|  B's  to  £<)o,  CTs  to  £y>.    See  £z.  4,  page  150. 

3.  A  steam  pipe  is  i  ij  in.  diameter,  and  goes  inside  the  boiler ;  the  part  inside  the  boiler 
has  slots  5f  in.  long  and  \  in.  wide :  how  many  slots  most  there  be  to  make  an  area  equal 
to  doable  Uie  sectional  area  of  pipe  f    Soe  Ex.  3,  page  442. 

4.  Find  the  weight  of  the  rim  of  a  fly-wheel  whose  onter  diameter  is  9  feet  6  inches,  and 
inner  diameter  7  feet  5  inches,  and  7  inches  thick,  if  '257  of  a  oironlar  inch  =  i  lb. 

5.  The  piston  is  45  inches  diameter,  and  the  pressure  is  30  lbs.  per  square  inch ;  the 
length  of  crank  is  21  in.,  and  the  connecting-rod  is  7  ft.  6  in. :  what  is  the  strain  per  square 
inch  of  section  of  the  feu^e  of  the  cross-head,  the  face  being  11  in.  by  9  in.  P  Sketch  the 
position  of  the  greatest  strain. 

NoTB.— The  pressure  on  the  guide  is  the  same  proportion  to  that  on  the  piston  as  the 
length  of  the  crank  is  to  that  of  the  connecting-rod. 

6.  A  safety-Talve  6  inches  diameter  has  a  spiral  spring  5  inches  diameter  ontside^  and  { 
inch  thickness  of  steel :  what  is  the  pressure  per  square  inch  P 

Rule,  ^  Where  « is  the  thickness  of  steel,  and  tf  is  the  diameter  of  the  spring  firom 
centre  of  steel  to  centre  of  steel. 

7.  Find  the  H.P.  exerted  by  a  pump  in  pumping  out  a  tank  11  feet  by  15  feet  by  4  ^Mt ; 
the  top  of  the  tank  is  16  feet  below  the  leyel  of  the  sea,  the  loss  through  non-effidehcy  being 
40  per  cent ;  a  cubic  foot  of  water  weighs  64  lbs.,  and  31000  lbs.  of  water  raised  i  foot  high 
in  I  hour  equals  i  H.P. ;  the  tank  was  pumped  out  in  5  hours.    See  Ex.  41,  pagfo  450. 

8.  the  stays  of  a  boiler  are  15  in.  apart,  and  one  of  them  breaks,  thus  throwing  more 
strain  on  the  4  stays  that  surround  the  broken  one,  they  are  1}  in.  diameter,  and  the 
pressure  carried  is  60  lbs.  per  square  inch :  what  extra  stndn  per  square  inch  will  be  on  the 
stays,  allowing  \  more  than  each  had  before  P    See  Ex.  8,  page  443.  \ 

Formula.   ^'^^  *^*  ^  D"        Where  d  =  diameter  of  orank  shaft. 
*       ^  L  =  length  of  stroke  in  feet 

D  =  diameter  of  cylinder. 

10.  A  crank-shaft  is  1 3  in.  diameter,  the  length  of  stroke  is  5  ft  9  in.,  the  pressure  about 
30  lbs. :  what  diameter  of  cylinder  will  suit  that  sise  crank-shaft  acoording  to  the  above 
formula  P    See  Ex.  13,  page  446. 

ir.  A  rectangular  seat  for  a  brass  12  in.  wide,  shaft  10  in.  diameter,  flanges  are  14  in. 
square,  and  1}  in.  thick,  the  depth  of  seat  is  13  in.,  and  the  seat  is  13  in.  long :  what  is  the 
weight  of  the  two  half  brasses  at  *3  lb.  per  cubic  inch  P    See  Ex.  36,  page  449. 

12.  IfS  =  ^^''^j^^^'  +6.  Where  S  =suriaoe held  up  by  one  stay.        \ 

T  :=  thickness  of  plate  in  sixteenths.    * 
B  ;=  boiler  pressure. 

How  hi  apart  should  the  stays  be  pitched,  when  the  pressure  is  48  lbs.  per  square  inch,  and 
the  plate  -A  in.  thick  P    See  Ex.  9,  page  443. 

13.  And  what  is  the  least  diameter  of  one  of  the  stays  P    See  Ex.  10,  page  443. 
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14,    Wofk  out  the  folTowibg  indioalor  oard,  and  show  the  point  where  the  steam  is  cut 
ofli  whether  the  sUde-Talre  la  oozxeot  or  requires  alteration,  and  if  the  latter,  what  P 
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>.   June  i9tb,  1871. 


Diameter  of  H.P.  cylinder    36'. 

„         li.P*       „  68'* 

Length  of  stroke  3'  cC, 

BeTdlntioBi  54 ;  steam  57  Ibe. ;  Taeaom  25}. 
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EXAMINATION  PAPER— No.  XXTL 

FOB  FIBST-OLASS  ENGINEEB8. 

(104*4  — 4)»— 11  X  6 


I. 


37  — aa 

a.  What  is  the  length  of  a  thrnst  block  with  9  collan  in  the  block,  each  r)  inch  thick, 
if  the  spaces  between  them  be  i  inch  f 

3.  What  will  a  bill  for  the  following  amount  to,  if  17  per  cent,  be  allowed  for  discount  P 

a  cwt.  3  qrs.  a  lbs.  at  328.  per  cwt. 
a  tons  15  cwt.  at  £t  per  ton. 

4.  A  boiler  has  an  area  at  the  water  level  of  142  square  feet,  and  a  donkey  can  pump  10 
inches  into  the  glass  per  hour ;  the  donkey  is  3  inches  diameter,  6  inches  stroke,  and  making 
1 20  revolutions  per  minute,  single-acting :  find  the  efficient  stroke  of  the  pump.    See  p.  a40. 

5.  A  piston-rod  is  4}  inches  diameter  at  the  bottom  of  thread,  there  are  two  bolts  at  the 
cross-head  each  af  inches  diameter :  what  proportion  does  the  section  of  the  rod  bear  to  the 
section  of  the  bolt  P 

6.  What  is  the  corresponding  temperature  on  the  Fahrenheit  scale  to  146*  on  the 
Centigrade  scale  P 

7.  An  air-pump  lerst  has  a  weight  of  5  tons  at  a  distance  of  i  foot  4  inches :  what  would 
be  the  weight  on  the  centre  bearing  when  the  other  arm  is  3  feet  i  inch  P 

8.  Sketch  a  crank  for  a  paddle-shaft  of  the  following  dimensions,  and  give  its  weight 
in  lbs. : 

Pin  6  inches  diameter,  boss  ii}  inches  diameter,  and  length  of  boss  7}  inches,  shaft  9 
inches  diameter,  boss  15  inches  diameter,  and  length  of  boss  9}  inches,  bar  at  pin-boss  9^ 
inches  broad,  at  shaft  boss  la  inches  broad,  and  4}  inches  thick. 

Add  i  of  diameter  of  each  boss  to  the  length  of  bar  for  the  fillets,  the  distance  from  oentre 
of  pin  to  centre  of  shaft  being  a6  inches. 

9.  Find  the  boiler  pressure,  the  diameter  of  the  two  cylinders  being  64  inches  and  41 
inches,  length  of  stroke  3a  inches,  and  diameter  of  crank  11  inches. 

jjn^,    B  =  /'^'"''SSP*         Where  /  =  4936  for  a  crank-ahaft,  and  5760  for  a  tunnel 

A  H'  shaft,  B  ==  boiler  pressure,  8  :=  length  of  stroke  in  inches, 

D  =  diameter  of  low  pressure  cylinder,  and  H  :=  diameter 
of  high  pressure  cylinder. 

10.  The  speed  of  the  ship  is  12*7  knots  per  hour,  and  the  consumption  a9  tons  per  day ; 
but  the  speed  at  another  time  is  13*5  knots  per  hour,  and  consumption  34  tons  per  day: 
what  is  the  rate  of  cost  per  day  saved  P 

It.  Verify  the  above  formula  by  working  at  full  length  under  the  two  conditions  the 
coal  saved  on  a  voyage  of  3174  miles. 

la.  A  Whitworth  thread  on  a  bolt  of  i^  inch  diameter  has  laoo  lbs.  strain  per  square 
inch  of  section :  find  the  actual  strain  on  the  bolt. 

J^M^^Multiply  the  number  of  8ths  in  the  diameter  by  the  number  of  8ths  less  x,  and 
divide  the  product  by  100 ;  this  quotient  multiplied  by  the  given  strain  per  square  inch  is 
the  answer. 

13.  The  feed  water  is  4*2  os.  of  salt  to  the  gallon,  and  the  density  of  the  water  in  the 
boiler  is  not  to  exceed  9*5  os. :  what  proportion  of  the  feed  water  requires  to  be  blown  off  P 

14.  Work  out  the  following  indicator  card,  and  show  the  point  where  the  steam  is  cut 
off,  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  what  P 
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Fig.  152. 
Soale  of  Sths. 
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Official  trial  of  R.M.S.S.  China^  Febrnary  4th,  1862.    Steam  21  lbs.,  Yacnmn  27  and  27} 
inchoBy  roYolatioDS  30  per  minnte,  I.H.P,  2389*5,    (Average  card). 
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EXAMINATION  PAPEE— No.  XXIH. 
FOR  FIBST-CLASS  ENGINEERS. 

r.    (7  +  4)»-(i6-4)'. 
a.    I  of  1^  of  34. 

3.  ;f  69  28.  Sd.  -7-  £1^  28.  2d.    Give  the  tiine8  it  will  go  and  the  remainder  in  £  8.  d. 

4.  The  temperature  of  the  hot- well  was  114°,  and  the  evaporation  for  I'lb.  of  coal  was 
8' 3  lb8.  of  water:  what  wonld  the  evaporation  be  if  the  temperature  of  the  hot- well  were 
increased  to  156^.    See  Ex.  15,  page  397. 

Increases  — 

5.  A  stay  is  fastened  by  a  doable  eye  to  an  angle  iron ;  the  bolt  is  i  in,  diameter,  the 
plate  is  i  in.  thick :  how  much  space  must  be  left  between  the  hole  and  the  edge  of  the 
plate  f 

6.  What  is  the  radius  of  a  circle  whose  area  is  64  P 

7.  Sketch  a  slide-valve  to  be  worked  by  a  hooped  spindle,  the  hoop  surrounding  the 
body  of  the  valve,  the  port  in  the  valve  is  14  in.  by  7  in.,  the  breadth  of  the  face  at  each 
end  is  3  in.,  and  at  each  side  1}  in.,  the  recess  is  4  in.  deep,  rectangular,  the  thickness  of 
face  is  i  in.,  and  the  thickness  of  the  rest  of  the  valves  {  in, :  what  is  the  weight  of  the 
valve  allowing  3*9  cubic  inches  of  cast  iron  to  weigh  i  lb.  f 

8.  In  a  wheel  and  axle  the  barrel  is  9  in.  diameter,  the  rope  is  i  J  in.  diameter,  the  crank 
handle  is  14  in.  radius,  and  the  weight  to  be  lifted  is  300  lbs. :  what  is  the  force  to  be 
applied  to  the  handle,  adding  10  per  cent,  for  friction  f 

9.  A  bonus  of  £1^  is  to  be  divided  amount  3  engineers  in  proportion  to  the  amounts 
drawn  as  pay  by  each  man ;  the  first  drew  pay  of  ;C2oi>  the  second  of  £l^iy  and  the  third 
of  £1 85 :  what  amount  of  the  £1^0  does  each  receive  ? 

10.  How  many  bolts  i{  in.  diameter  are  required  for  the  oover  of  a  cylinder  40  in. 
diameter,  the  boiler  pressure  being  60  lbs.,  and  the  strain  per  square  inch  on  the  section  of 
the  bolts  is  not  to  exceed  1800  lbs.  P 

11.  When  a  safety-valve  has  the  area  required  by  the  Board  of  Trade,  and  is  spring 
loaded,  the  increase  of  pressure  due  to  the  increased  compression  of  the  spring  in  blowing 
off  steam  is,  with  bright  fires  and  engines  stopped,  about  equal  to  the  quotient  found  by 
dividing  the  diameter  of  the  valve  by  its  original  compression. 

QoM^ton.— The  spring  has  5  in.  compression,  there  are  70  square  feet  of  fire-grate  surfiice 
to  one  valve,  the  loaded  pressure  is  70  lbs.,  the  increase,  irrespective  of  the  spring,  would 
be,  say  10  per  cent. :  to  what  pressure  would  the  steam  rise,  including  the  effect  of  the 
spring  P 

12.  The  actual  &.P.  transmitted  in  the  tunnel  shaft  is  400 :  what  is  the  mean  shearing 
strain  per  square  inch  on  the  bolts,  5  of  them  at  each  coupling,  2}  inches  diameter  and  i2\ 
inches  radius,  60  revolutions  per  minute  P 

13.  Find  the  thermal  units  of  heat  in  an  engine  of  the  following  dimenaions :  diameter 
of  cylinder  64  inches,  stroke  3  feet,  revolutions  per  minute  60^  mean  prearare  35  lbs.,  and 
find  the  coals  burnt  per  hour. 

14.  The  seat  of  a  rectangular  brass  is  12  inches  wide,  depth  13  inches,  and  13  inches 
long,  the  shaft  is  10  inches  diameter,  and  the  flanges  are  14  inches  square  and  i^  inch 
thick :  what  is  the  weight  of  the  brass  at  '3  lb.  per  oubic  inch  P 

15.  The  boiler  contains  a8  tons  of  fresh  water  on  starting  on  a  voyage ;  the  water  in  the 
hot-well,  through  some  leak,  is  *2  of  the  saltness  of  the  sea :  how  many  tons  of  water  have 
been  evaporated  during  the  voyage^  the  water  in  the  boiler  at  the  end  of  the  Toyage  being 
3'ia  timet  the  saltoess  of  the  sea  P 
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EXAMINATION  PAPEE— No.  XXIV. 

FOB  FIRST-CLASS  ENGINEBRS. 

I.  24  —  t/Td"— (9  +  ii)'. 

a.  If  I  ton  stretcli  a  bar  of  iron  i  ioch  in  19000,  what  will  be  the  stretch  of  a  bar  ao  feet 
long  with  a  weight  of  8  tons  P 

3.  A  balance  weight  of  a  crank  weighj  1400  lbs. ;  the  effeotiTe  radius  is  1*5  feet,  and 
making  90  revolutions  per  minnte :  what  distance  must  the  bolts  be  to  hold  it,  there  being 
a  bolts,  and  the  strain  is  not  to  exceed  5000  lbs.  per  square  inch  of  their  section  P 

Mule,     -^  =  nnmber  of  times  the  weight  is  increased. 

4.  Molesworth,  in  the  17th  edition  of  his  <* Pocket  Book,"  page  258,  says,  "The  feed 
water  should  be  about  '07  cubic  feet,  or  nearly  a  half  gallon  per  K.H.P.  per  minute  lor 
condensing  stationary  engines." 

If  I  lb.  of  coal  evaporates  8  lbs.  of  water :  how  many  lbs.  of  coal  will  be  required  to 
evaporate  the  above  allowance  per  N.H.P.  P  Also,  if  the  consumption  of  coal  per  K.H.P. 
be  zo  lbs.,  what  is  the  weight  of  feed  water  used  as  steam  per  minute  P 

5.  An  engine  was  compounded,  and  the  same  expenditure  of  fuel  gives  20  per  cent,  more 
power  than  on  the  old  principle;  the  engine  works  to  the  same  H.P. :  how  many  tons  of 
co:tl  wi!l  it  now  use,  if  before  12  tons  per  day  were  used  P 

6.  The  counter  stood  at  00734,  since  which  time  it  has  been  three  times  at  o,  and  now 
stands  at  2 1 21 1 :  how  many  knots  has  the  ship  made  P 

7.  According  to  the  Board  of  Trade  instructions,  circular  furnaces  with  longitadinal 
joints,  welded  or  made  with  a  butt  and  strap :— > 

y??^.^  ^  =  the  working  pressure  per  square  inch. 

Without  the  Board's  special  approval  of  the  plan  the  pressure  is  in  no  case  to  exceed 

8oo3  X  r 

Find  the  working  pressure  when  the  diameter  is  36*,  length  of  tubes  6'  4',  and  f  thick. 

8.  For  arithmetical  convenience,  reckoning  the  total  heat  of  steam  of  T^  temperature 
to  be  equal  to  1 1 15"*  -}-  '3  T^  (the  temperature  of  the  feed)  is  the  number  of  units  of  heat  to 
each  lb.  of  water. 

Example, — What  is  the  total  heat  and  what  is  the  latent  heat  of  steam  of  a  temperature 
of  3od*. 

9.  If  a  certain  quantity  of  fuel  evaporates  8  times  its  weight  of  water  from  and  at  a  12% 
how  much  will  i  lb.  of  coal  evaporate  if  the  steam  is  300*  and  the  feed  water  1 10^  P 

10.  The  consumption  of  coal  is  a8  tons,  and  each  watch  of  4  hours'throws  overboard  36 
baskets  of  ash,  each  weighing  48  lbs. :  what  per  centng^  of  coal  is  lost  as  ash  P 

II.  A  counter  at  starting  stood  at  9 1 8  37 6  and  has  been  round  once  an d  stands  at  04  37  2  r ; 
the  ship  has  been  steaming  from  the  i6th  of  January  at  noon  to  the  22nd  at  5  a.m.  :  what 
has  been  the  number  of  revolutions. 


k 


9  9A    ^^    tf 

12.  88  —  ^         .,  =  per  centage  of  strength  of  longitudinal  seams  of  a  boiler. 

Where  t  =:  thickness  of  plate,  p  :=  pitch  of  rivets,  and  n  =  number  of  rows  of  rivets. 

Quettion. — The  thickness  of  plate  =  i'',  pitch  2',  the  number  of  rows  2,  single  shear :  what 
is  the  per  centage  of  strength  P 

13.  The  thrust  block  takes  only  32  per  cent  of  I.H.P. ;  the  I.H.P.  is  500,  revolutions 
per  minute  80,  pitch  ao  £set,  and  the  slip  ao  per  cent. :  what  weight  is  a^^ainst  the  Ihrmt 
blook, 
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IfiiAMmATlON  PAPEE-No.  XXV. 

FOR  FIBST-OLASS  ENGINEERS. 

I.  Find  the  N.H.P.  of  the  eng^ea  yon  were  last  with  and  the  maximnm  strain  on  the 
<UBnk-pin. 

Egampie.^Qsj  the  diameter  of  the  cylinders  are  32*  and  63',  steam  60  lbs.,  and  thenoe 
the  diameter  of  crank-pin  win  be,  say  ia%  and  length  of  same  18'. 

a.  A  ship  carries  iSoo  tons  of  coal  as  cargo  with  a  speed  of  8-4  knots  per  hoar  on  a  con- 
sumption of  II  tons  per  day ;  the  ship  is  lengthened  and  fitted  with  compound  engines  and 
now  carries  aaoo  tons  at  the  same  speed  and  with  a  oonsomption  of  lO'S  tons :  what  qnanti^ 
of  coal  is  saved  on  a  Toyage  of  7000  miles  ? 

3.  A  portion  of  air  is  heated  np  to  39"*  and  14*7  lbs.  pressure ;  if  it  be  afterwards  heated 
npto79**:  what  is  then  its  pressure  f 

NoTB.— 461**  below  leio  of  Fahrenheit  is  absolute  lero. 

4.  The  stays  of  a  boiler  bottom  are  to  be  fixed  by  collars,  the  depth  of  ooUam  being  3 
times  the  thickness,  the  diameter  of  stays  i}'' :  what  sise  must  the  end  be  swelled  out  to  to 
hare  uniform  strength  P 


s^.  D  =  .  +  (:J  +  ^±)..  ^--^,, 


5.  An  engine  is  constructed  so  as  to  haye  a8  circular  inches  of  cylinder  per  N.H.F.  and 
is  to  indicate  4  times  the  N.H.P.,  to  have  4a'  stroke,  and  to  hare  ao  lbs.  mean  effectiye 
pressure  of  steam :  how  many  rcTolutlons  must  the  engine  make  to  complete  the  contract  P 

6.  If  the  counter  adTanoe  from  081 376  to  418397  in  84  hdnrs:  what  wQl  it  ttand  at  afteft 
360  hours  P 

7.  If  a  continuous  blow  off  at  -ia5  of  the  feed,  and  if  the  boiler  water  retains  1 1  ounoes 
of  salt  to  the  gallon :  what  saltness  has  the  feed  been  at  P 

J^M/if.— Multiply  the  ounces  of  salt  by  the  blow  off. 

8.  The  area  of  water-lerel  in  the  boiler  is  a*i  times  the  area  of  fire  grate ;  there  is  con- 
sumed 13  lbs.  of  coal  on  each  square  foot  of  fire  grate  per  hour;  eadh  pound  of  coal 
evaporates  8  lbs.  of  water.  The  feed  is  shut  off  when  there  are  4  inches  of  water  in  the 
glass,  in  how  many  minutes  will  the  feed  be  out  of  the  glass  P 

9.  A  shaft  I  a''  diameter  is  put  under  torsion  strain  by  a  weight  of  500  lbs.  acting  with  a 
leverage  of  68' :  find  the  maximum  stress  per  square  inch  of  seotion. 

10.  The  stroke  of  the  piston  is  46',  the  length  of  the  connecting-rod  8  feet;  the  steam 
was  out  off  at  aa'  from  the  bottom :  required  the  distance  from  the  cross-head  to  the  centre 
of  the  shaft.  And  the  lap  and  lead  being  the  same  top  and  bottom,  where  does  she  cut  off 
from  the  top  P 

11.  How  frr  can  the  visible  horiion  be  seen  from  a  height  of  26  feet P 

J^tffo.— Multiply  the  height  of  the  eye  by  i  $»  ^^^  extract  the  square  root  of  the  product 

la.  The  temperature  of  the  gases  in  the  combustion  chamber  was  laoo"  Fahrenheit,  and 
the  front  plate  606"  Fah.)  the  velocity  at  the  back  was  laoo  feet  per  minute :  what  was  the 
velocity  at  the  front  P 

l^oTB.— Absolute  zero  is  (taken  as)  461°  below  aero  of  Fahrenheit, 

13.  The  ship's  draught  of  water  before  taking  in  her  bunker  coal  was  17  feet  forward 
and  i8|  feet  aft,  and  it  was  found  that  every  16  tons  put  her  down  one  inch ;  after  taking 
in  her  bunker  coal  her  trim  was  and  now  is  18}  feet  forward  and  i9{  feet  aft:  find  how 
many  tons  were  put  in  the  bunkers,  and  the  area  of  section  of  ship  at  the  water  line  in 
square  feet  P 

QQQ* 
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EXAMINATION  PAPEE— No.  XXVI. 

FOB  FIBST-GLABS  ENGINEERS. 

I.  i256'64  sqnarA  inches  are  added  to  13x41^  cironlar  inchef :  find  the  diameter  of  a 
circle  which  would  have  the  same  area  as  their  sum. 

1.  If  the  heat  required  to  melt  i  lb.  of  ioe  is  sufficient  to  raise  the  temperature  of  144  lbs. 
of  water  1%  and  if  4a  lbs.  of  ice  be  mixed  with  lao  lbs.  of  water  at  212^ :  what  wUl  be  the 
resulting  temperature  P 

3.  A  circular  safety-yalve  weighs  84  lbs.,  and  a  cubic  inch  of  the  metal  weighs  '257  of 
a  lb. :  what  is  the  diuneter  of  the  weight  when  its  thickness  is  if  inches  P 

4.  Supposing  there  are  16  of  these  weights  on  a  valye  of  5  inches  diameter :  what  is  the 
pressure  per  square  inch  P  And  if  the  bottom  of  the  weights  be  %"  above  the  valve,  what 
extra  pressure  will  there  be,  supposing  the  box  to  be  fuU  of  water  to  the  top  of  the  weight  P 

5.  If  9200  lbs.  be  expended  on  a  thrust,  the  mean  radius  of  the  rubbing  surfiu)e  of  which 
is  s"*  ^^®  co-efficient  of  friction  being  *09,  and  the  engines  working  43  revolntioiiB  per 
minute :  what  is  the  loss  with  this  friction  in  I.H.P.  P 


6.  The  sur&oe  of  a  screw  propeller  being  oblique  to  the  direction  of  the  thrust,  the 
of  screw  disc  is  less  effective  for  thrust  than  an  equal  area  of  feathering  float  inmiersion  with 
the  same  ship. 

A  =  ^'7854  —  ^  (D'  ~  B'} ;  where  A  is  effective  area  of  screw  disc  in  square  feet, 
P  ^  pitch,  D  =  duameter,  and  6  =  diameter  of  boss. 

Qumtion, — The  diameter  of  the  screw  propeller  is  16  feet,  and  that  of  the  boss  3-2  feet; 
the  pitch  is  22  feet :  what  is  the  equivalent  perpendicular  area  of  feathering  paddle  float  P 

7.  What  is  the  thrust  in  lbs.  when  the  ship  is  making  14  knots  per  hour  with  64  revo- 
lutions per  minute  P 

T  =  5*67  X  K  X  A;  X  equivalent  equal  area  in  square  feet ;  where  T  is  the  thrust  in  lbs. ; 
K  :=  knots  per  hour ;  k  =:  slip  in  knots  per  hour. 

8.  Aocording  to  the  above  statement,  what  is  the  loss  of  work  by  slip  in  aotual  H.P.  P 

9.  Practically,  we  find  that  38}  per  cent,  of  the  I.H.P  is  lost  by  slip :  what  was  the 
I.H.P.  in  the  above  engine  P 

10.  If  a  boiler  uses  1800  lbs.  of  coal  per  hour,  and  each  lb.  of  coal  evaporates  8  lbs.  of 
water  (using  fresh  water) :  what  is  the  smallest  diameter  in  inches  of  the  noole  of  an 
injector  to  put  in  double  feed  at  60  lbs,  pressure  P 

n  1                 on*                       •I         cubic  feet  per  hour  of  feed 
Ruie.  Smollett  area  tn  square  wtehee  =  *^  ^_!r 

800  t/P 

Or,  smaUest  area  in  circular  inches  =  ^^^io  ^eet  per  hour  of  feed 

630  t/P 

1 1 .  Work  out  the  following  indicator  card,  and  show  the  point  where  the  pteam  is  eat 
off*;  whether  the  slide-valve  is  correct  or  requires  alteration,  and  if  the  latter,  wliatP 
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In  this  diagram  the  point  of  oat  off  is  not  abarply  defined,  the  line  being  eottpex  ypwarda 
for  a  conoiderable  distance  after  the  preaenre  begins  to  lessen.  This  peculiarity  is  chiefly 
dne  to  the  wire-drawing  action  of  the  sUde-yalye,  worked  by  the  eccentric  and  link,  as  it 
gradually  doses  the  port  of  the  cylinder  and  stops  the  admission  of  steam.  The  cylinders 
are  "not  jacketed,  bat  the  steam  is  saperheated,  with  the  object  of  preventing  liquifaction. 
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EXAMINATION  PAPEE— No.  XXVH. 

FOB  FIBST-OLASS  ENGIK£EBS. 
I.    Find  the  value  of  (14  —  '07)'  —  (10  —  'ooj)". 
a.    A  paddle  float  is  6'  4}"  by  1'  i'  broad :  how  many  sqoare  feet  and  dedmalB  of  a  foot  P 

3.  Babbitt's  metal  is  composed  of  10  parts  of  tin  to  i  of  antimony  and  i  of  oopper :  how 
many  lbs.  of  the  metal  can  be  made  oat  of  82  lbs.  of  tin,  16  lbs.  of  antimony,  and  24  lbs.  of 
oopper  P 

4.  Suppose  antimony  to  be  (d.  per  lb.,  tin  to  be  is.  3d.  per  lb.,  and  copper  to  be  7d. 
per  lb. :  what  would  be  the  value  of  28  lbs.  of  Babbitt's  metal  P 


5.    A  beam  as  in  the  sketch  is  exactly  balanced. 


B 


P| 


Let  A  r=  long  arm,  and  B  =:  the  short 
arm. 

P  =  weight  when  W  is  on  A,  and  Q 
when  weight  is  on  B,  and  W  =  correct 
weight  (all  in  lbs.) 


WXA  =  PXB,  andal8oWxB=:  QA. 
Hence  W«  =  AP  =  QP  X  AB. 

W«  =  QP 


andW  =  v'QP 
Qu$ition,—The  weight  P  =  296  lbs.,  aad  Q  =  336  Ibe. :  what  is  the  oorr^  weight  P 

6.  Steam  is  carried  for  22"^  of  the  stroke,  and  the  clearance  is  i|' ;  Uie  gauge  is  60  lbs. : 
if  the  steam  of  one  stroke  were  condensed,  what  would  be  the  thickness  of  the  layer  of  water 
in  i6tbs  on  the  top  of  the  piston  P 

p     ^    =:  the  proportion  of  steam  to  water. 

7.  The  inside  diameter  of  the  condenser  tubes  is  }%  there  are  2|  square  feet  of  surface 
per  I.H.P.,  the  tubes  being  6  feet  long;  there  are  800  lbs.  of  water  per  I.HJ*.,  and  it 
circulates  three  times  through  the  tubes :  find  the  velocity  of  its  passage. 

LTP 


SuU.    V  = 


8oP«8 


8.  Sea  water  is  4}  oz.  to  the  gallon,  the  hot- well  '18  oz.  to  the  gallon :  how  much  water 
is  leaking  through  condenser  tubes  and  supplementary  feed,  if  any  P 

9.  A  beam,  17  feet  long  and  weighing  17  owt.,  is  supported  at  both  ends ;  the  weight 
3^  feet  from  A  is  4  tons,  and  8  feet  from  B  is  4  tons :  what  share  of  these  weights  has  A 
andBP 


17' 


B 


.8' 


^  ****  JaT  *•••  ^ 


4  tons 


4  tons 


I 


10.  The  safe  working  strain  of  a  rope  is  1^  of  the  girth  squared,  and  75  per  cent,  is 
allowed  off  this  girth  squared  for  the  breaking  strain  in  tons :  what  should  be  the  least 
girth  of  a  rope  to  lift  A  of  a  ton,  and  also  what  would  be  the  breaking  strain  P 
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EXAMINATION  PAPEE— No.  XXVm. 

FOR  PIRST-OLASS  ENGCNEERS. 

I.    The  thennometer  scale,  aooording  to  the  Oentigfade  diTiiion,  leadi  o**  at 
pointy  and  100°  at  boiling  point:  what  ia  the  tempentoie,  Fahrenheit,  ooneeponding  |o 
172°  Centigrade  F 

a.    What  b  the  following  eqnal  to  P 

(6  +  i)»   —  (16  — !»)• 

3.  What  ia  the  A  o'  1^  part  of  186  P 

4.  Three  yean  ago  the  pay  in  a  certain  oompany'a  aerrice  waa  inoreaaed  iS  per  cent, 
thia  year  the  aame  company  made  a  redaction  14  pet  cent,  on  all  wagea ;  if  the  pay  of  one 
of  the  engineera  waa  £J^  before  the  first  alteration^  what  ia  it  now  P 

5.  If  the  height  of  the  eye  ia  40  feet,  what  is  the  distance  of  the  visible  horison  P 

NoTB.— The  aqnare  of  the  distance  of  the  Tiaible  horison  in  atatute  miles  ia  eqnal  to  i| 
timea  the  height  of  the  eye  in  feet. 

6.  At  the  mean  dranghta  referred  to  in  this  qneation,  14  tona  pnta  the  vesael  down  i 
inch;  before  coaling  the  draught  of  water  waa  iS*a  feet  forward  and  19*1  leet  aft.,  after 
ooaling  the  draught  waa  19*8  feet  forward  and  19*4  foot  alt. :  how  many  tona  have  been 
taken  in  f  also,  what  ia  the  area  of  the  water-leyel  section  of  the  hull  T 

7.  A  round  ahaft  9  inohea  in  diameter  ia  aubjected  to  torrion ;  a  weight,  18000  Iba.,  acta 
at  the  end  of  an  arm  4a  inchea  in  length :  what  ia  the  maiiinum  intenaity  of  streas  produced  P 

8.  A  pair  of  oosnmon  trunk  engines,  stroke  4a  inches,  diameter  of  cylinder  66  inches, 
diameter  of  trunks  at  each  end  of  cylinder  3a  inches,  making  50  rerolutions  per  minute, 
shows  on  the  indicator  diagrams  the  mean  eflbotiTe  pressure  to  be  aa  lbs.  per  square  inch, 
and  uses  2^  lbs.  of  steam  per  horse-power  per  hour.  Each  pound  of  coal  produces  8}  lbs.  of 
that  steam  when  the  surface  condenser  is  in  perfect  cider,  and  without  scumming.  How 
many  tons  of  coal  are  burnt  in  a4  hours  P 

9.  Eefosrii^  to  Question  No.  8,  the  surfMM  ooBdenter  gets  oat  of  ovdir,  aod  Jet  oon* 
densation  and  scumming  hare  to  be  resorted  to.  The  tempaiatnre  of  the  hed  is  110^  Fahr., 
and  the  temperature  of  the  steam  ia  $12°  Fahr.,  the  density  of  the  water  in  the  boiler  ia 
maintained  at  1*8  timea  the  denaity  of  the  £ded  water  x  what  will  be  now  the  rate  of  oon* 
anmption  of  fuel  if  the  power  be  maintained  the  aame  ■«  beforeP 


Nora. — In  comparing  difforenoea  in  quantitiea  of  heat  in  ateam  or  in  water  in  queationa 
about  the  ateam  engine,  it  ia  generally  aufficient  to  write  the  heat  unite  in  water  aa  numeri- 
cally equal  to  the  temperature^  Fahr.,  and  the  heat  onita  in  ateam  aa  numerioally  equal  to 
1115**  +  *3  timea  the  temperature,  Fahr. 

10.  Beferring  to  the  preceding  queationa  on  thia  leal^  what  per  oentage  more  foed  must  be 
aupplied,  working  with  the  jet  condenaer,  and  at  that  denaity. 

11.  Beferring  to  the  preceding  question  on  thia  leal,  work  out  the  conaumption  of  coal 
per  indicated  horae-power  per  hour  under  each  of  the  two  acta  of  oonditiona,  and  then  find 
what  per  oentage  leea  of  fuel  ia  required  with  perfoot  aur&oe  condenaation  aa  compared 
with  the  jet  condenaation,  aa  above. 
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EXAMINATION  IN  BOUGH  WOEBING  DRAWING 

FOB    A 

F1RST-CLA88  ENGINEER'S   CERTIFICATE  OF  COMPETENCY. 

The  regalations  of  the  Board  of  Trade  in  regard  to  the  qoalifioations  of  a  Candidate  for 
a  First-c&as  Engineer's  Certificate  of  Competency  epecify  that, — 

«  He  most  be  able  to  make  rough  working  drawings  of  the  different  parts  of  the  engines 
and  boilers. 

"  He  must  be  able  to  state  the  general  proportions  borne  by  the  principal  parts  of  the 
machinery  to  each  other." 

In  accordance  with  these  clauses,  a  Candidate  for  a  Firsl-class  Certificate  is  required  to 
make  a  rough  working  drawing  of  the  parts  specified  on  the  other  side  of  this  leaf.  A 
mechanic  who  has  been  some  years  in  charge  of  marine  engines  and  boilers  onght  by  thi^ 
time  to  have  familiarly  in  his  mind  the  general  construction  of  at  least  one  set  of  engines 
and  boilers,  say  that  set  he  was  last  with.  Fine  drawing  is  not  expected,  and  in  the  pro* 
portions  of  the  parts  a  wide  margin  will  be  allowed ;  absurd  dimensions  will  be  failure  in 
practical  knowledge. 

The  drawing  must,  however,  be  practically  a  working  drawixig,  giving  a  sufficient  number 
of  views  to  show  the  parts  fully — sections,  plans,  or  elevations,  just  as  the  Candidate  would 
require  to  be  supplied  to  him  if  he  had  to  make  the  parts  to  the  design  of  another  person. 

A  dear  hand  sketch  showing  the  construction  completely,  and  fully  dimensioned,  will  be 
accepted  if  the  Candidate  prefers  this  alternative. 

A  portion  only  of  the  parts  specified  may  be  accepted  in  place  of  the  whole,  if  that  portion 
is  sufficient  to  show  that  the  Candidate  has  a  good  practical  idea  of  the  construction  of  the 
parts,  and  a  fair  notion  of  their  general  proportions  or  dimensions. 

Candidates  are  hereby  cautioned  not  to  put  on  paper  what  they  have  not  fully  condsidered, 
and  deliberately  intend  to  be  understood,  as  their 'statement  of  what  they  know  about  the 
coustruotion  of  any  part  required. 

The  statements  given  in  by  a  Candidate  may  be  in  themselves,  apparently,  of  little 
importance,  but,  as  sample  material  from  which  the  state  of  the  Candidate's  knowledge  of 
engines  and  boilers  is  to  be  inferred,  every  detail  which  is  glaringly  inconsistent  with  a 
sound  knowledge  of  the  use  of  the  part,  or  in  which  an  essential  consideration  has  evidently 
been  overlooked,  is  an  important  element  in  the  description  which  the  Candidate  is  giving 
of  his  own  qualifications. 

The  Candidate  is  advised  not  to  begin  more  than  he  can  clearly  finish  in  the  time  allowed. 
An  important  object  in  this  part  of  the  examination  is  to  ascertain  whether  the  Candidate 
can  be  trusted  to  mark  all  necessary  dimensions  upon  a  sketch  or  a  drawing.  The  test  of 
this  is,  practically,  the  making  of  the  part  firom  the  sketch  without  having  to  supply  addi- 
tional dimensions,  and  without  measuring  the  drawing.  To  prove  this  ability  the  Candidate 
must  fully  dimension  the  parts  shown  in  his  sketch  or  drawing,  notwithstanding  that  the 
parts  may  be  correctly  drawn  to  scale.  A  drawing  is  fully  dimensioned  when  no  part  of  it 
is  left  to  the  option  of  the  party  who  is  to  work  to  the  drawing. 

To  prevent  misunderstanding,  however,  when  the  Candidate  has  been  led  into  showing 

more  of  the  details  than  he  has  time  fully  to  finish,  he  should  name,  in  the  statement  on  the 

other  side,  the  particular  parts  which  he  has  fully  dimensioned. 

All  dimensions  should  have  lines  and  darts,  to  indicate  distinctly  the  points  between  which 
the  dimensions  are  given. 

Beware  of  writing  cross  dimensions  upon  centre  lines,  or  upon  longitudinal  dimension  lines. 
This  is  not  an  order,  but  a  recommendation. 

The  Candidate  is  not  expected  to  design  anything ;  he  has  merely  to  sketch  or  draw  a 
something  with  which  he  is  expected  to  be  already  fiimiliar. 

Pencil  in  nothing  after  half-past  three ;  all  the  dimensions,  the  fig^ures,  and  the  darts  must 
be  inked  in ;  employ  the  remaining  time  in  examining  the  drawing  and  in  inking  in  any 
figures  that  may  have  been  before  overlooked,  and  in  checking  the  dimensions. 

Make  sure  that  you  will  have  sufficient  room  on  the  drawing  sheet  to  show  all  the 
neoessary  views.  You  can  have  another  sheet  of  drawing  paper  if  necessary.  All  the  paper 
used  must  be  forwarded  with  the  drawing. 

Fill  in  and  sign  the  statement  on  the  other  side  of  this  leaf. 
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SUBJECT  FOR  EXAMINATION  IN  ROUGH  WORKING  DRAWING. 

^  Read  the  general  insiruetums  on  the  other  side  of  thte  leaf. 

A  eommon  slide-Talye  with  its  tpindle.     Show  alio  an  outline  seotion  of  the  porti  at 
the  eylinder  face.    Show  the  proYiiion  for  oonnecting  the  slide-yalye  to  the  spindle. 

The  Candidate  is  requested  to  fill  up  the  following,  and  to  attach  this  paper  to  hia  drawing. 

STATEMENT  BY  THE  CANDIDATE. 

The  accompanying  drawing,  made  by  me  this  day  without  referring  to  any  document,  and 
without  the  assistance  of  any  person,  is  intended  by  mo  to  be  sufficient  for  the  new  con- 
struction of  the  parts  above  described  to  fit  the  places  of  similar  parts  which  are  to  be 
remoTod.    The  construction  is  similar  to  what  I  have  been  with  in  the 
steamer  ,  but  the  dimensions  may  be  different. 

The  diameter  of  the  oylinder  is 

The  stroke  of  the  piston  is 

The  stroke  of  the  valve  is 

The  cover  at  top  end  on  steam  side  is 

The  cover  at  bottom  end  on  steam  side  is 

The  lead  at  top  is  intended  to  be 

The  lead  at  bottom  is  intended  to  be 

The  inside  cover  is  4-  or  — 

The  thickness  of  the  &oe  of  valve  is 

The  thickness  of  the  body  of  valve  is 

The  greatest  opening  for  steam  will  be 

That  gives  an  area  equal  to  th  of  piston 

The  opening  for  exhaust  when  the  orank  is  on  the  top  centre  is 

That  gives  an  area  equal  to  th  of  piston 

TheCondidau  I  The  length  of  the  oonneoting-rod  is 
"^ftjr^h^'  ]  The  valve  will  out  off  steam  on  the  down  stroke  at 

The  parts  fully  dimensioned,  in  ink,  are 


Dated  at  this  day  of  iS 
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SUBJECT  FOR  EXAMINATION  IN  ROUGH  WORKING  DRAWING. 

f$r  Read  the  general  insiruetions  on  the  other  side  of  this  leaf. 
An  air-pump  cover,  with  its  paddng  gland,  and  the  rod,  and  its  nnts  or  cotters,  oomplete. 
The  candidate  is  reqnested  to  fill  up  the  following,  and  to  attach  this  paper  to  his  drawing. 

8TATBMBNT  BY  THS  OANDIDATK 

The  aooompanying  drawing,  made  hy  me  this  day  without  referring  to  any  doonment,  and 
without  the  aaeistanoe  of  any  person,  is  intended  by  me  to  be  sufficient  for  the  new  con- 
struction of  the  parts  above  described  to  fit  the  places  of  similar  parts  which  are  to  be 
removed.    The  construction  is  similar  to  what  I  have  been  with  in  the 
steamer  ,  but  the  dimensions  may  be  different. 

The  diameter  of  the  bucket  is 

The  top  of  air*pump  above  the  barrel  is  made  of 

The  diameter  of  that  top  part  at  month,  is 

The  oover  is  held  truly  central  by  the 

The  rod  is  made  of 

The  diameter  of  the  body  of  the  rod  is  the  one  th  of  the  diameter  of  the  pump. 

The  diameter  of  the  screwed  part  at  bottom  of  thread  the  one  th  of  the  diameter 

of  the  pump. 

The  pull  on  this  section  will,  therefore,  be  on  every  square  inch  times  what  the 

effective  load  is  per  square  inch  of  the  bucket 

There  are  two  kinds  of  air-pump  rods  in  general  use ;  their  respective  advantages  or 
disadvantages  are  the  following :— 


The  parts  fully  dimensioned,  in  ink,  are 


Dated  at  this  day  of  i8 
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ELEMENTARY   QUESTIONS. 


1. — The  parts  of  an  engine  generally  made  of  wrought  iron  are  all  those 
parts  which  are  subjected  to  great  strains  or  sudden  shocks,  such  as  the 
crank-shaft  and  crank-pin,  cross-head,  propeller  and  paddle-shafts,  con- 
necting-rods, piston-rods,  slide-rods,  eccentric-rods,  links,  levers,  draw-barsi 
weigh-shaft,  bolts,  studs,  and  nuts. 

2. — The  parts  of  an  engine  generaUy  made  of  oast  iron  are  the  parts 
requiring  great  rigidness,  such  as  the  bed-plate,  the  cylinder  and  its  covers, 
pistons,  packing-rings,  junk-rings  (when  not  of  wrought  iron),  pillars,  con- 
denser, guide-bars,  steam-chest  and  steam  covers,  slides,  and  pumps. 

3. — ^The  parts  of  an  engine  for  which  steel  is  sometimes  used  are  the 
working  parts  liable  to  much  wear,  such  as  piston-rods,  slide-rods,  pins  on 
single  cranks,  piston  springs,  rod,  and  eye  (sometimes). 

4. — The  parts  of  an  engine  generally  made  of  brass  or  gun  metal  are  all 
rubbing  surfaces  liable  to  great  friction  or  corrosion,  such  as  main  bearings, 
top  and  bottom  ends  of  connecting-rods,  feed  and  bilge-pump  plungers,  air 
and  circulating  pump  rods  with  buckets,  barrels,  and  head  and  foot  valve 
guards,  feed  and  bilge-pump  valves  and  seats,  tubes  and  tube  plates  of 
surface  condensers,  bushes  in  piston  and  slide-rod  glands,  all  the  steam  valvea 
and  cocks. 

6. — ^White  metal  is  principally  used  for  the  stem  tube  and  outer  paddle 
bearings,  sometimes  for  the  main  bearing  brasses  and  connecting-rod  bottom 
end  brasses.  It  is  adopted  on  account  of  its  anti-frictional  properties  (due 
probably  to  the  zinc  in  its  composition).  It  would  be  more  generally  used 
but  it  is  very  brittle,  melts  at  a  low  temperature,  and  is  apt  to  come  out  (if 
it  gets  hot  it  will  run  out). 

6. — Huntz  Hetal  is  sometimes  used  for  those  parts  where  bolts,  studs,  and 
nuts  are  brought  under  the  action  of  salt  water  or  steam,  such  as  air-pump 
rods,  for  holding  bolts,  and  bolts  inside  of  condensers,  for  fixing  oast  iron 
faces  to  cylinders,  and  it  is  valued  for  its  ductility  and  freedom  from  corrosion. 
It  is  also  malleable,  and  can  be  readily  forged  into  any  shape. 

7.* — Cast  iron,  wrought  iron,  and  steel  have  only  two  essential  ingredients, 
viz.,  pure  iron  and  carbon.  Cast  or  pig  iron  is  composed  of  about  91  per 
cent,  of  iron,  ^  of  carbon,  2  of  silicon,  and  the  remaining  2  parts  of  sulphur, 
phosphorus,  and  other  impurities  in  diffiorent  proportions.    The  best  malleable 

*  This  question  is  very  damfily  put.  There  is  no  actoal  difference  in  the  component 
parts  of  caat  iroD,  wrought  iron,  and  steel ;  in  hct  there  are  no  component  parts,  as  they 
are  all  homogeneous,  the  only  difforenca  being  in  the  differanoe  of  treatment 

AAA 
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iron  is  composed  of  99*5  per  cent,  of  iron,  0*03$  of  carbon,  0*076  of  siliooui 
and  the  rest  of  sulphur  and  phosphorus.  Steel  is  composed  of  98*6  of  iron, 
and  I  *4  of  carbon.  The  hardness  of  steel  varies  with  its  proportion  of  carbon. 
The  steel  poorest  in  carbon  is  least  hard,  and  the  steel  richest  approaches 
white  pig  iron;  but  its  other  properties — strength,  fusibility,  weldabilitji 
&o.,  are  then  modified.* 

8. — Cast  iron,  wronght  iron,  and  steel  can  be  distinguished  from  each 
other,  in  the  first  place,  by  the  difference  in  the  fineness  of  the  grain; 
wrought  iron  being  finer  in  the  grain  than  cast,  and  steel  finer  than  wrought. 
Again :  oast  iron  is  short  and  brittle,  wrought  iron  is  fibrous,  whilst  steel  ia 
Toid  of  the  fibre  so  characteristic  of  wrought  iron,  and,  like  cast  iiony  is  a 
granulated  or  crystallized  metal. 

9. — Steel  and  cast  iron  possess  the  property  of  fusibility ;  wrought  iron  is 
malleable,  ductile,  tough,  fibrous,  and  possesses  the  quality  of  welding  in  the 
highest  degree ;  steel  also  is  both  malleable  and  weldable.f  From  this  it 
may  be  seen  that  steel  possesses  properties  in  common  with  both  wrought 
and  cast  iron.  Further :  steel  is  characterized  by  its  softness  at  a  glowing 
heat,  and  its  becoming  hard  upon  sudden  cooling.  Oast  iron  resists  a  greater 
crushing  strain  than  malleable  iron ;  wrought  iron  resists  great  torsion  and 
tensile  strains,  while  steel  can  resist  a  great  tensile  strain,  nearly  twioe  that 
of  wrought  iron,  and  seven  times  that  of  cast  iron. 

10. — ^By  the  term  <'  breaking  strain**  is  meant  that  strain  which  will  break 
or  produce  fracture  in  a  girder,  beam,  or  bar,  or  whatever  the  subject  may 
be;  by  ''proof  strain**  is  meant  the  greatest  strain  of  a  specific  kind  con- 


*  Oast  iron,  wrought  iron,  and  steel  have  only  two  essential  ingredients,  yis.,  pure  iron 
and  carbon ;  indeed,  upon  the  degree  of  carborisEation  of  iron,  mooUfled  by  the  presence  of 
other  elements,  as  sulphur,  phosphorus,  silicon,  and  manganese,  depends  their  classification 
into  cast  iron,  steel,  and  malleable  iron,  with  the  widely  different  qualities  possessed  by 
these  bodies. 

In  pig  or  oast  iron,  iron  attains  its  maximum  degree  of  carburization,  the  amount  of 
carbon  yarying  from  2  per  cent,  to  5  per  cent.,  the  lower  figure  being  just  beyond  the  limit 
(about  1*8  per  cent.)  of  hard  cast  steel.  Carbon  may  exist  in  pig  iron,  either  in  a  state  of 
chemical  combination,  or  as  fiakes  or  crystals  of  graphite,  distributed  in  an  uncombined 
state  through  the  mass  of  iron,  or  partly  combined  and  partly  graphitic ;  under  these  oon- 
ditions  we  have  yarious  grades  of  tohitey  grey,  and  mottled  pig  iron  respectiyely. 

Iron  in  its  mini""""'  state  of  carburization  is  designated  as  malleable^  bar^  or  wrought  iron; 
it  then  possesses  a  colour  varying  with  its  quality,  and  the  mechanical  treatment  it  has 
undergone,  from  bluish  to  blackish  shades  of  grey. 

Malleable  iron  usually  contains  from  o'02  per  cent,  to  0*25  or  0*3  per  cent,  of  carbon,  but 
iron  containing  the  latter  amount  of  carbon  is  essentially  steely  in  its  character,  ca  or  0*25 
per  cent,  beina;  the  more  usual  limit  of  carburization  of  malleable  iron,  which  is,  however, 
infiuenced  by  its  freedom  from  other  ingredients,  especially  silicon,  sulphur,  and  phosphorus ; 
the  freer  the  iron  is  from  these  elements,  the  larger  is  the  proportion  of  carbon  that  can  be 
combined  with  it  without  producing  the  steely  quality. 

The  material  called  steel  is  a  nearly  pure  alloy  of  iron  with  a  small  portion  of  carbon,  or 
it  is  a  combination  of  iron  with  from  o'3  per  cent,  to  0*8  per  cent  of  carbon,  which  is  cast 
in  a  fiuid  state  into  a  malleable  ingot,  and  has  a  bluish  colour,  with  a  tinge  of  brown.  In 
oast  steel  it  is  usually  considered  that  the  bluer  the  shade  in  colour  the  better  the  metal ; 
when  hardened  it  is  whiter  than  in  its  soft  condition. 

t  When  red  hot,  steel  is  nearly  as  malleable  as  bar  iron,  and  may  be  welded,  bat  very 
careful  management  is  required  to  prevent  its  becoming  decarbonized. 
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Bistent  with  safety,  that  is,  with  the  retenlion  of  the  strength  of  the  material 
unimpaired;  and  by  ''safe  working  strain,**  the  strain  which  may  with 
perfect  safety  be  imposed  upon  it.* 

11. — The  cohesive  strength,  or  breaking  strain  of  wrought  iron  is,  on  the 
average,  about  47,000  lbs.,  or  21  tons  per  square  inch.f 

12. — Steel  is  tempered  by  heating  it  until  it  has  attained  a  cherry  rednesBi 
then  plunge  the  parts  to  be  tempered  suddenly  into  the  liqtiid  (water  or  oil, 
as  the  case  may  be)  and  withdraw  it  almost  immediately,  and  watch  the 
point  until  it  has  attained  the  required  colour,  and  then  immediately  cool  it 
out.  The  colours  eome  in  the  following  order,  commencing  with  the  colour 
for  the  hardest  description  ("dead  hard")  of  steel — ^very  pale  yellow,  pale 
straw,  full  yellow,  brown,  brown  dappled  with  purple  spots,  purple,  light 
blue,  full  blue,  dark  blue.  On  slowly  cooling,  these  temper-colours  appear 
in  reverse  order,  and  the  steel  is  plunged  into  the  liquid  as  soon  as  the 
proper  colour  becomes  apparent. 

13. — Case-hardening  is  a  process  by  which  the  surface  of  articles  made  of 
wrought  iron  are  superficially  coated  with  a  skin  or  layer  of  steel.  Oase* 
hardening,  in  its  chemical  nature,  is  simply  the  addition  of  carbon  to  the 
surface  of  wrought  iron,  thus  converting  it  into  the  character  of  steel.  The 
necessary  carburization  is  efPected  after  the  article  has  received  its  finished 
form  and  dimensions,  by  heating  it  to  a  bright  redness,  and  if  a  small  article^ 
sprinkling  powdered  yellow  prussiate  of  potass  over  its  sur&ce,  when  the 
article  is  returned  to  the  fire  for  a  few  minutes,  and  then  cooled  by  immersion 
in  water ;  for  giving  a  thicker  coating,  or  for  case-hardening  ^larger  artides 
— such  bodies  are  placed  in  wrought  iron  boxes,  embedded  in  substances 
rich  in  carbon,  as  fragments  of  horn,  bones,  and  leather  cuttings ;  the  box 
is  then  luted  up  so  as  to  become  air-tight,  and  is  plaoed  in  a  fiirnacei  where 
it  is  slowly  heated  and  retained  at  a  cherry  red  heat  for  about  twelve  hourSi 
when  the  fire  is  allowed  to  bum  out,  the  box  removed,  and  its  contents 
thrown  into  water.  The  parts  of  an  engine  generally  case-hardened  are  those 
small  in  size,  but  subject  to  gpreat  friction,  such  as  the  working  surfaces  of 
the  sHde  link,  the  slide  block,  bolts,  and  eccentric-rod  eyes. 

14. — The  common  metals  that  can  be  forged  are  wrought  iron,  steel, 
copper,  and  Muntz  metal.  Oast  iron,  cast  steel,  brass,  white  metal,  gun 
metal,  zinc,  tin,  bell  metal,  &c.,  are  short  or  brittle. 

•  The  "  working  had**  on  each  pieoe  of  machinery  is  made  leas  than  the  proof  stnun  in 
a  certain  ratio  determined  by  practical  experience,  in  order  to  provide  for  nnforseen 
oiroamstances. 

t  '*  The  ultimate  tensile  strength  of  wrought  iron  is  usually  set  down  as  25  tons  per  square 
inch,  but  this  is  above  the  present  general  average,  23  tons  being  nearer  as  an  approximate 
round  number ;  at  the  same  time,  hard,  steely  wrought  iron  frequently  has  a  tenacity  of  30 
tons,  and  inferior  kinds  only  1 9  tons.  As  a  rule,  square  or  round  bars  are  stronger  thiun 
plate,  by  at  least  3  tons  to  the  square  inch,  but  weaker  iron  is  not  inferior  for  some  purposes; 
sooh  iron  frequently  has  the  welding  property  in  a  marked  degree." — The  Strmgih  of 
Matmala  and  SirudurM,  by  Joun  Andbbson,  G.E.,  LL.D. 
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14a. — ^In  speaking  of  metals,  as  gun  metal,  brass,  bronze,  &c.,  why  are 
they  designated  alloys  ? 

A. — Because  these  metals  are  composed  of  two  or  more  having  a  chemical 
affinity  for  each  other,  and  hence  said  to  be  an  alloy,  or  combined  mixture. 

16. — By  welding  is  meant  the  joining  of  two  pieces  of  metal  by  heating 
the  two  ends  to  be  joined  to'a  good  white  heat,  placing  them  together  so  that 
one  end  slightly  overlaps  the  other,  and  then  hammering  them  till  they  are 
completely  and  solidly  one.  The  common  metals  that  can  be  welded  are 
wrought  iron  and  steel. 

16. — ^All  metals  expand  more  or  less  by  the  application  of  heat;  for 
example,  if  a  slide-valve  be  set  up  on  a  spindle  when  cold,  it  will,  when  hoty 
expand,  and  there  is  great  danger  of  the  valve  spindle  breaking ;  similarly, 
any  valve  or  cock  screwed  up  moderately  tight  when  cold,  will  be  found 
immovable  when  hot.  The  upright  standards  of  vertical  engines  are  inclined 
inwards  at  the  top,  so  that  they  become  parallel  to  each  other  when  heated ; 
and  in  the  boiler  the  furnace  bars  are  kept  short  to  allow  them  to  expand 
without  buckling  up.  In  consequence  of  this  property  of  expansion,  any 
connection  between  two  boilers,  such  as  the  steam-pipe,  must  be  fitted  so  as 
to  allow  for  expansion  and  contraction,  similarly,  between  the  boilers  and 
the  eng^es ;  the  steam-pipe  is  fitted  with  a  stuffing-box  or  other  expansion 
joint. 

17. — The  parts  of  a  boiler  usually  made  of  the  Staffordshire  quality  of 
plate  are  the  shell  plates,  furnace  bottoms,  and  gusset  stays ;  while  those 
parts  of  the  boiler  which  are  exposed  to  more  severe  or  more  irregular  strains 
than  the  rest,  or  to  a  more  intense  heat,  such  as  flanging,  the  Aimaoe  tope 
tube  plates,  and  back  tube  plates,  are  made  of  the  Torkshire  quality  of  plate. 

18.-^Double  rivetting  is  rivetting  with 
a  double  row  of  rivets  on  each  side  of 
the  joint,  the  rivet  holes  being  generally 
arranged  in  a  zig-zag  fashion  as  shown 
in  the  sketch.  All  longitudinal  seams  in  both  common  flat  and  circular 
boilers  are  double  rivetted. 

19. — CanUdng  is  the  thorough  closing  of  the  seams  of  a  boiler  by  means 
of  hammering  the  inner  edges  of  the  plates  with  a  caulking  tool ;  the  edges 
being  first  planed  quite  smooth  and  bevelled. 

SM). — There  are  various  ways  of  fastening  the  ends  of  boiler  main  stays,  but 
the  method,  perhaps,  most  in  vogue  is  by  screwing  both  ends  of  the  stays 
(the  ends  being  swelled  out  so  that  no  strength  is  lost  in  screwing),  and 
securing  them  to  the  plates  by  means  of  nuts  and  washers  inside  and  out. 
Another  way  is  by  rivetting  the  flattened  out  ends  of  stays  to  double 
angle-irons  rivetted  to  the  boiler  plates.    Yet  another  method  is  by  putting 
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eye-bolts  through  the  plates  and  securing  them  on  the  outside  with  nuts,  the 
end  of  the  stays  being  a  double  eye,  which  is  secured  to  the  single  eye  of  the 
bolt  by  means  of  a  pin  passed  through  and  fastened  with  a  cotter.  Each 
method  has  its  own  particular  advantage  or  disadvantage.  For  instance, 
those  that  are  movable  are  not  all  likely  to  have  an  equal  strain,  and  from 
the  fact  that  the  pins  may  not  £t  exactly,  the  stays  may  not  all  be  of  the 
same  length ;  but  on  the  other  hand  they  are  easily  removed  for  cleaning  or 
repairing.  Screwed  stays  can  be  put  in  so  that  all  of  them  have  about  an 
equal  strain,  but  they  cannot  be  removed  for  cleaning. 

21. — The  greatest  strain  to  which  a  boiler  stay  should  be  exposed  is 
5000  lbs.  per  square  inch  of  section  at  the  smallest  part. 

22. — A  rivetted  stay  is  a  stay  screwed  into  the  plates,  and  the  ends 
rivetted  over.  They  are  generally  used  in  the  narrow  water  spaces  of  boilers, 
between  the  flame-box  sides  and  back,  and  the  shell  of  the  boiler,  also 
between  the  furnaces. 

23. — ^Thin  plates  are  generally  looked  for  in  a  boiler  as  it  wears  on  the 
furnace  tops,  flame-box  backs,  and  in  those  plates  generally  upon  which  the 
flame  acts  with  greatest  force.  The  thinness  may  be  detected  by  the  peculiar 
sound  emitted  whilst  going  over  each  plate  carefully  with  a  hammer. 

24. — Boiler  tubes  are  fixed  by  driving  a  tapered  mandril  into  the  ends,  and 
thus  causing  those  parts  of  the  tube  to  expand  so  as  to  fill  the  holes  previously 
prepared  for  their  reception ;  they  are  then  clinked  over  after  that  has  been 
done.  Stay  tubes  are  ordinary  tubes  with  the  ends  screwed,  one  end  being 
screwed  into  the  haek  tube  plate,  which  is  tapped  to  suit,  and  the  other  being 
screwed  to  the  front  tube  plate  by  two  nuts,  one  inside  and  the  other  outside. 

25. — Boiler  tubes  generally  leak  at  the  flame-box  end.  This  defect  is 
repaired  by  re-mandrilling  the  end  of  the  tube.  The  leakage  is  caused  by 
the  tube  ends  burning  off  or  corroding. 

26. — ^The  spaces  between  the  tubes  becoming  salted  up,  the  water  cannot 
reach  the  plate,  which  consequently  gets  burnt  and  cracks.  The  cracks 
always  take  place  in  a  line  between  the  centres  of 

the  tubes  as  shown  in  the  sketch. 

These  cracks  are  repaired  by  what  are  known  as 

''spectacle  eyes,"  which  are  pieces  of  flat  iron  shaped  as  shown 
in  the  sketch,  which  are  placed  between  the  tubes  over  the  cracks 
and  secured  by  two  tap  bolts  to  the  tube  plates. 

27. — A  dry  uptake  is  external,  going  up  outside  of  the  boiler,  and  is 
generally  made  of  thin  plate,  say  i"  thick,  it  being  under  no  pressure.  A 
wet  uptake,  on  the  other  hand,  goes  up  through  the  boiler,  and  is  internal, 
and  consequently  under  a  collapsing  pressure.  The  wet  uptake  requires  the 
more  repairing  for  the  reason  just  stated,  viz.,  that  it  has  to  be  both  steam 
and  water  tight  at  the  working  pressure. 
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28. — The  Superheater  is  a  vessel  attached  to  the  boiler  into  which  the 
steam  is  received  and  superheated.  They  are  sometimes  made  as  a  dome 
rising  up  within  the  uptake,  and  sometimes  as  a  long  cylinder,  with  rounded 
ends,  passing  through  the  uptake.  The  stop-valve  and  safety-valves  are 
placed  upon  it,  and  sometimes  a  pressure  gauge  is  attached  to  it  in  order 
that  the  engineer  may  be  able  to  compare  the  pressure  in  the  superheater 
with  that  in  the  boiler.  There  is  sometimeB  a  glass  gauge  to  show  if  priming 
is  going  on. 

29. — The  parts  of  a  marine  tubular  boiler  first  injured  by  shortness  of 
water  are  the  top  of  the  flame-box,  or  the  top  row  of  tubes. 

30. — Angle  ironB  are  generally  used  in  the  construction  of  a  boiler  for 
joining  the  shell  and  end  plates  together,  and  to  stay  the  front  and  back 
plates  of  shell.  They  are  also  used  as  a  means  of  strengthening  flat  parts. 
Flanged  plates  are  generally  used  for  the  end  plates,  tube  plates,  and  the 
top  of  steam  chest. 

31. — Priming  is  a  violent  agitation  of  the  water  within  the  boiler,  in  con- 
sequence of  which  a  large  quantity  of  water  passes  off  with  the  steam  in  the 
shape  of  froth  or  spray.  It  may  arise  from  a  variety  of  causes ;  one  frequent 
cause  is  a  smallness  of  steam  space  in  the  boilers,  another  is  the  too  crowded 
arrangement  of  tubes,  which  hinders  the  steam  from  rising  freely  as  it  is 
generated,  and  so  causes  the  water  to  rise  with  it.  The  too  sudden  opening 
of  the  safety-valve  will  also  cause  priming  ;  or,  in  some  cases,  the  too  rapid 
opening  of  the  throttle-valve  to  the  full.  Priming  often  takes  place  when 
the  ship  is  passing  from  fresh  into  salt  water,  and  vice  versd.  Increasing  the 
steam  space  by  adding  a  receiver,  enlarging  the  boiler,  or  improving  the 
arrangement  of  the  tubes.  At  the  time  of  its  taking  place  it  may  be  checked 
by  opening  the  furnace  doors,  partially  closing  the  throttle-valve,  or  injecting 
melted  tallow.  The  water  passing  through  the  steam-pipe  into  the  engines 
is  apt  to  cause  a  break  down. 

32. — The  draught  in  the  funnel  is  caused  by  the  rush  of  heated  air  away 
from  the  furnaces,  and  the  cold  air  rushing  to  supply  its  place,  or  in  other 
words,  draught  is  caused  by  the  difference  of  pressure  between  the  heated 
air  within  and  the  atmosphere  without.  It  can  be  checked  by  closing  the 
damper  placed  in  the  funnel,  opening  the  furnace  and  smoke-box  doors,  or 
placing  dampers  in  front  of  the  ashpits. 

33. — Flame  seen  at  the  top  of  the  funnel  is  the  burning  of  carbonic,  oxide, 
and  other  gases,  which  ought  to  have  been  consumed  in  the  furnace,  but 
which  ignites  when  it  comes  in  contact  with  the  oxygen  of  the  atmosphere. 
It  is  caused  by  the  bridges  of  the  furnaces  being  too  low.  It  is  detrimental, 
inasmuch  as  there  is  a  great  waste  of  heat,  and,  consequently,  great  waste 
of  fuel. 
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34 — ^A  Blast  Pipe  is  a  small  pipe  generally  tapered  towards  the  end,  fitted 
with  a  stop-cock,  and  leading  from  the  superheater  into  the  fannel.  Steam 
can  be  blown  through  it  from  the  superheater.  It  is  used  for  increasing  the 
draught  in  the  furnaces. 

36. — ^Two  blow-off  cocks  are  generally  fitted  to  each  boiler,  one  on  the 
boiler,  the  other  in  the  ship's  bottom.  They  are  so  fitted  to  prevent  the 
serious  consequences  that  would  ensue  if  the  pipe  between  the  boiler  and  the 
ship's  bottom,  fitted  with  only  one  cock,  was  getting  damaged ;  if  the  single 
cock  were  on  the  boiler,  then  there  would  be  a  rush  of  sea  water  into  the 
ship,  and  if  it  were  on  the  ship's  bottom,  then  there  would  be  an  explosion 
of  steam  and  scalding  water  into  the  stoke-hole. 

36.— The  Spanner  Guard  on  blow-off  cocks  is  so  arranged  that  the  key  can 
only  be  removed  when  the  cock  is  shut. 

37. — The  Test  Cocks  are  three  in  number.  They  are  placed  in  a  diagonal 
row  on  the  boiler  front.  The  middle  one  is  placed  just  on  the  water-line,  or 
in  other  words,  9  inches  above  the  top  row  of  tubes ;  the  top  one  is  generally 
placed  about  4  inches  above  that,  and  the  bottom  one  4  inches  below.  The 
cocks  themselves  must  be  at  that  height.  For  the  purpose  of  cleaning  these 
cocks  there  is  a  small  brass  plug  screwed  into  the  cock  just  at  the  bend ;  this 
plug  being  unscrewed,  a  wire  can  be  passed  straight  through  the  cock. 

38. — ^A  Dead-weight  Safety-valve  is  a  valve  which  has  the  load  placed 
directly  upon  it.  The  rubbing  surfaces  are  generally  composed  of  brass. 
The  top  of  the  spindle  of  a  lock-np  safety-valve  is  fitted  with  a  cast  iron  cap 
with  two  handles  cast  on ;  a  fiat  key  passes  through  both  spindle  and  cap, 
and  the  key- way  is  so  arranged  that,  although  the  valve  can  be  turned  round 
or  lifted  up,  no  extra  weight  above  that  which  is  already  in  the  valve  box 
can  be  placed  upon  the  valve. 

39. — The  area  of  safety-valve  required  by  the  Board  of  Trade  is  about  ^ 
square  inch  of  valve  area  per  square  foot  of  fire-grate  area.  The  effect  of 
suddenly  opening  a  safety-valve  when  the  steam  is  up  is  to  cause  the  boilers 
to  prime.  A  common  6-inch  safety-valve,  when  blowing  off,  rises  without 
being  eased  by  the  hand  about  one-fifth  of  an  inch,  but  this  varies  with  the 
pressure  of  steam.  The  amount  of  lift,  as  calculated  by  the  Board  of  Trade, 
is  found  by  dividing  twice  the  diameter  of  the  valve  by  the  pressure  of  steam 
on  the  gauge. 

40. — The  Spring-loaded  Safety-valve  has  one  important  advantage  which 
the  dead- weight  valve  has  not,  viz.,  it  is  constant  and  equal  in  its  pressure 
in  all  positions  of  the  ship  at  sea.  In  the  case  of  boilers  fitted  with  the 
dead- weight  safety-valves,  when  the  ship  rolls  there  is  so  much  of  the  weight 
upon  the  valve  neutralized,  and  this  increases  with  the  angle  of  indinationi 
until,  supposing  the  ship  to  be  completely  on  her  beam  ends,  there  is  really 
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no  weight  on  the  yalve  at  all.*  On  the  other  hand,  the  spring  has  its  dis- 
advantages, it  does  not  indicate  qnite  so  true  as  the  dead-weight  yalvei 
because  the  resistance  of  the  spring  tends  to  increase  as  the  yalve  lifts. 

41. — A  Glass  water  gauge  consists  of  three  pieces,  viz.,  two  brass  sockets 
fitted  with  cocks,  and  secured  to  the  boiler  front,  and  a  strong  glass  tube 
fitted  between  the  sockets.  The  two  cocks  being  open  to  the  boiler,  the 
water  passes  through  and  shows  itself  in  the  glass,  rising,  of  course,  to  the 
water-level  in  the  boiler.  It  is  placed  on  the  boiler  front,  and  in  such  a 
position  that  it  can  readily  be  seen  by  the  engineer.  It  is  also  placed  at  such 
a  height  that,  when  there  is  the  proper  depth  of  water  over  the  tubes,  the 
water  will  show  about  half-way  up  the  glass.  It  is  liable  te  derangement 
from  the  cocks  becoming  salted  up.  Its  working  can  be  tested  by  trying  the 
test-cocks  on  the  boiler  front. 

42. — Glass  water  gauges  have  sometimes  pipe  connections  to  the  top  and 
bottom  of  the  boiler ;  the  object  of  this  arrangement  is  to  obtain  the  steam 
and  water  for  the  gauge  as  free  as  possible  from  those  impurities  which 
collect  on  the  water  surface  in  the  boiler,  especially  when  priming  is  going 
on.  It  is  desirable  to  have  cocks  at  the  extremities  of  these  pipes,  so  that  if 
anything  were  to  happen  to  the  pipes,  their  connection  with  the  boiler  oould 
be  immediately  cut  off. 

43.— The  principle  of  construction  of  dial  steam  gauges  is,  that  a  thin 
elliptical  metal  tube,  if  bent  into  a  ring,  will  seek  to  coil  or  uncoil  itself  if 
subjected  to  external  pressure,  and  to  an  extent  proportionate  to  the  pressure 
applied.  A  Bourdon's  steam  gauge  is  of  the  following  construction: — A 
hollow  brass  hoop  of  an  oval  cross  section  (thus  C^)»  into  which  the  steam 
passes,  is  secured  at  one  end  to  a  strong  brass  plate,  which  is  fitted  over  the 
steam  entrance  to  the  gauge,  the  joint  being  made  steam  tight ;  the  other 
end,  which  is  closed,  is  attached  by  means  of  a  small  arm  to  a  toothed  sector, 
which  is  geared  into  a  small  pinion  upon  the  spindle  to  which  the  index 
pointer  is  attached.  The  steam  entering  the  hoop  causes  the  end  which  is 
attached  to  the  sector  to  move  outwards  from  the  centre ;  this  causes  a 
corresponding  movement  in  the  pointer,  transmitted  by  means  of  the  arm, 
sector,  and  pinion ;  the  movement  continues  as  the  pressure  of  the  steam 
increases.  The  hoop,  arm,  sector,  pinion,  and  frame  to  which  they  are  hung, 
are  all  of  brass.  The  use  of  the  inverted  syphon  pipe  is  to  collect  a  small 
quantity  of  water,  so  that  it  may  act  as  a  cushion  between  the  steam  and  the 
working  parts  of  the  gauge ;  also  to  prevent  injury,  as  the  steam  permeating 
the  gauge  would,  in  time,  spoil  its  action,  loosen  the  enamel  from  the  dial, 
and  also  dim  the  glass  so  that  it  would  become  unreadable. 

*  With  the  spring-loaded  Bafety-valve  there  is  thus  a  considerahle  saying  of  steam,  then 
being  no  blowing  off  when  in  a  sea- way  as  in  the  case  of  a  dead  weight  or  weighted  lever 
valye. 
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NoTB. — It  remains  to  examine  the  reason  for  the  shortening  of  the  tube  under  pressure. 
One  way  of  looking  at  the  question  is  based  a  theorem  in  geometry,  by  which  it  is  proTed 
that  if  ^  be  a  point  in  a  surface,  and  ap  b,  ep  d  be  two  sections  of  the  sur&ce  made  by  planes 
at  right-angles  to  each  other,  and  passing  through  the  line  perpendicular  to  the  surface  at 
the  point  p^  the  sum  of  the  curvatures  of  the  two  sections  ab^cd  will  be  a  constant  quantity. 
The  word  "curvature"  is  a  technical  term  presenting  the  idea  which  is  implied  in  ita 
popular  signifloationi  and  its  meaning  will  be  understood  when  we  say  that  the  curvature  of 

a  circle  is  inversely  proportional  to  its  radius,  and  is  measured  by  the  fraction  — r — 

''  radius. 

The  form  of  the  tube  is  given  in  cross-section  by  the 

curve  cp  d,  and  the  line  ap  b  may  be  taken  to  represent 

the  curviog  of  the  tube  in  the  direction  of  its  length. 

If  the  sum  of  the  two  curvatures,  vis.,  those  in  a  ^  and 

edf  respectively,  be  constant,  it  will  follow  that  when 

one  increases  the  other  must  decrease,  and  conversely, 

that  is  to  say,  if  the  tube  ee  becomes  more  curved  in  the, 

direction  ep  d,  it  will  become  less  curved  in  the  direction 

apb.    But  the  effect  of  air  under  pressure  is  to  bulge 

cp  d  outwards,  and  to  make  it  more  convex,  or  to  give  it 

a  larger  curvature,  and  the  direct  result  is  that  the  tube  »»  straightens  and  its  end  moves 

outwards. 
It  is  easy  to  show  that  such  an  action  will  certainly  occur,  for,  if  we  bend  a  vulcanised 

india  rubber  tube  it  will  become  more  and  more  flat,  and  will  finally  straighten  in  the 

direction  across  that  in  which  it  is  being  bent. 

44. — The  small  cook  on  the  pipe  is  used  to  draw  off  any  water  which  may 
have  collected  in  the  pipe.  This  cock  should  be  placed  at  the  lowest  part  of 
the  bend  in  the  syphon.  If  the  cock  was  not  opened,  and  the  water  properly 
blown  off,  it  would  rise  into  the  gauge,  and  the  steam  pressure  would  in 
consequence  be  incorrectly  indicated. 

45. — Steam  Oauges  do  not  indicate  the  total  pressure  of  the  steam,  only 
the  pressure  aboye  the  atmosphere.  The  steam  pressure  is  measured  from 
the  pressure  of  the  atmosphere,  that  is  o,  or  mto,  on  the  steam  gauge  equals 
the  pressure  of  the  atmosphere,  or  1 5  lbs.  per  square  inch. 

46. — ^By  the  Salting  of  the  Boiler  is  meant  the  accumulation  of  salt  on  and 
between  the  tubes,  on  the  flame-boxes,  the  ftimaces,  and  tube  plates.  This 
can  be  prevented  by  not  allowing  the  water  in  the  boiler  to  attain  beyond  a 
certain  fixed  limit  of  density,  which  is  accomplished  by  regularly  and 
frequently  scumming  the  boilers. 

The  density  or  specific  gravity  of  ordinary  sea  water  is  i  '027,  pure  water 
being  i,  and  contains  4  oz.  of  salt.  The  density  of  the  water  may  be  ascer- 
tained by  means  of  the  Hydrometer.  The  specific  gravity,  or  density,  of  the 
water  in  the  boilers  should  not  be  allowed  to  exceed  8  oz.  to  the  gallon,  or 
1^32  to  2-32  by  Hydrometer. 

47. — ^The  Scum  Cooks  and  pipes  are  so  arranged  that  the  surface  water  of 
the  boiler  can  be  conveniently  blown  off  through  the  ship's  side  or  bottom 
into  the  sea.  One  cock  is  placed  on  the  boiler,  and  the  other  on  the  ship's 
bottom  or  side,  as  the  case  may  be.  The  cook  on  the  boiler  is  placed  a  little 
below  the  working  water  level.    Qenerally  speakingy  these  oooks  are  used 
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when  fhe  water  in  the  boiler  has  attained  that  limit  of  density  beyond  which 
it  ought  not  to  be  worked ;  but  they  ought  to  be  systematically  opened,  and 
the  boilers  well  scummed  at  certain  fixed  intervals.  They  must  be  shut 
before  the  water  has  been  blown  too  far  down  in  the  boilers,  otherwise  there 
is  a  danger  of  burning  the  tubes  if  this  be  neglected. 

48. — The  principle  ingredient  of  the  substance  called  scale,  which  is  formed 
in  boilers  using  sea  water,  is  sulphate  of  lime.  Where  spring  water,  or  what 
is  commonly  known  as  hard  water,  is  used,  carbonate  of  lime  is  the  principal 
ingredient  of  the  scale.  It  is  most  objectionable  when  it  forms  upon  the 
fdmace  tops  and  tubes.  It  can  be  removed  by  chipping  with  hammers  and 
sUoes.  Its  formation  can  be  most  effectually  prevented  by  a  regular  system 
of  blowing  o£E  the  water  before  it  becomes  too  highly  charged  with  impurities, 
and,  to  a  great  extent,  by  the  suspension  of  zinc  plates  in  the  water  space  in 
the  boiler ;  these  plates  absorb  the  sulphate  of  lime  with  great  avidity.  Iron 
having  about  thirty  times  the  conducting  power  of  scale,  when  the  latter  ia 
allowed  to  form  on  the  boiler  by  its  resisting  the  conduction  of  heat,  it 
impairs  at  once  the  evaporative  power  of  the  boiler,  its  durability,  and  its 
safety. 

48. — ^The  Salinometer,  or  Hydrometer  as  it  is  sometimes  called,  is  an 
instrument  by  which  the  density  of  the  water  can  be  measured.  It  oonsisti 
of  two  hollow  bulbs  of  glass  or  metal — the  lower  bulb  very  much  less  than 
the  upper  one — from  the  upper  bulb  there  rises  a  tall  stem,  graduated  with 
degrees,  and  the  instrument  is  ballasted  so  as  to  swim  upright.  The 
graduated  stem  is  more  or  less  immersed  in  proportion  to  the  density  or 
specific  gravity  of  the  water ;  in  other  words,  the  more  salt  there  is  in  the 
water,  the  less  the  instrument  will  sink  in  it.  It  is  graduated  to  one-thirty- 
twos  (-g^)  for  a  certain  fixed  temperature,  generally  zoo°  Fah.,  and  a 
thermometer  is  used  in  connection  with  it  so  that  the  water  tested  may  be  of 
the  proper  temperature.  SaUnometers  being  graduated  for  certain  fixed 
temperatures,  cannot  be  used  at  any  temperature  indiscriminately ;  but  if 
water  varies  a  few  degrees  from  the  standard  we  can  allow  for  it  by  making 
a  correction  of  ^  of  -gi^  for  every  io°,  adding  if  the  temperature  is  greater 
than  200*,  but  subtracting  if  less. 

60. — The  reason  of  some  boilers  being  fitted  with  division  plates  (usually 
called  dash  plates  or  wash  plates)  is  to  prevent  the  scend  of  the  water  to  one 
side  of  the  boiler  when  the  vessel  roUs  or  lurches  heavily,  thus  leaving  the 
tubes  on  the  opposite  side  bare,  whence  there  is  a  risk  of  injuring  the  crowns 
of  the  fire  places  or  upper  tubes.  Such  division  plates  are  neither  steam  nor 
water  tight.  They  stand  fore-and-aft  in  the  ship,  but  they  are  also  some- 
times fitted  along  the  sides  of  the  boilers,  being  set  at  a  certain  angle — ^not 
lying  horizontal ;  they  are  also  occasionally  placed  across  the  boiler  above 
the  flame-box. 
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61. — ^A  Split  Tube  is  plugged  up  by  means  of  eitheir  wooden  or  iron  plugs. 
The  best  method  is  to  take  two  cast  iron  disos,  one  part  of  which  just  fits  the 
inside  of  the  tube,  and  the  other  comes  against  the  tube  plate,  and  place  one 
in  each  end  of  the  damaged  tubes,  the  discs  being  provided  with  holes,  a 
long  bolt  is  passed  through  the  whole  length  of  the  tube,  and  secured  on  the 
outside  with  nuts,  the  whole  being  tightly  screwed  up,  a  steam-tight  joint 
being  first  made  by  placing  a  little  spimyam  and  white  lead  under  the 
flanges  of  the  disc.  In  the  case  of  wooden  plugs  being  used,  the  method  is 
as  follows : — ^Make  the  plug  a  driving  fit  in  the  tube,  and  drive  through  till 
it  has  passed  the  split,  take  then  another  plug  and  drive  it  well  in  from  the 
same  end. 

62. — Dampers  are  used  to  reduce  the  draught  of  air  to  the  fires.  They  are 
sometimes  fitted  in  the  fimnel,  and  sometimes  before  the  ashpit  doors.  They 
should  be  used  when  the  engines  are  slowed  or  stopped. 

63. — When  there  are  no  dampers  fitted,  the  furnaces  or  smoke  boxes  are 
opened  instead.  The  cold  air  coming  into  immediate  contact  with  the  hot 
plates  or  tubes  is  apt  to  have  an  injurious  effect. 

64. — ^The  piston  of  a  steam  cylinder  is  a  hollow  disc  of  cast  iron.  Strongly 
ribbed,  with  a  tapered  hole  in  the  centre,  which  fits  into  a  obrrespondin^ 
taper  on  the  end  of  the  piston-rod,  and  which  is  secured  to  the  piston  by 
means  of  a  strong  brass  nut  and  a  check  plate.  Around  the  outside  of  the 
piston,  a  little  back  from  its  greatest  diameter,  is  arranged  a  series  of  recesses 
containing  alternately  a  steel  spring  and  a  square  brass  nut ;  immediately 
outside  these  is  fitted  a  cast  iron  ring,  called  the  packing  ring,  and  which  is 
kept  in  its  place  by  a  fiat  circular  cast  iron  hoop,  which  is  placed  on  the  top, 
and  secured  by  bolts  passing  down  through  it,  and  screwing  into  the  brass 
nuts  above  mentioned — ^this  is  called  the  junk  ring.  The  packing  ring  being 
turned  and  finished  a  little  greater  in  diameter  than  the  cylinder  which  it  has 
to  fit,  is  cut  through  at  one  point  and  sprung  in,  so  that  it  fits  the  cylinder 
accurately,  but  not  too  tightly.  The  steel  springs  above  mentioned  are 
employed  to  exercise  an  imiform  pressure  all  round  the  packing  ring,  and 
keep  it  against  the  barrel  of  the  cylinder,  so  that  no  steam  can  pass.  The 
round  pieces  let  in  flush,  generally  on  the  top  side  of  the  piston,  are  tapered 
cast  iron  plugs,  filHng  up  the  core  holes  which  are  necessary  in  the  moulding 
of  the  piston. 

66. — Cylinder  Drain  Cocks  are  used  to  draiii  off  any  watet  which  may 
have  collected  in  the  cylinder,  as  the  cylinder  escape-valve  only  comes  into 
action  when  violent  priming  goes  on ;  they  are  always  opened  when  starting 
the  engine,  and  shut  when  fairly  under  weigh.  The  valve  upon  the  drain 
cock  serves  the  purpose  of  preventing  any  water  or  air  being  sucked  into  the 
cylinder  by  the  vacuum  when  the  drain  cocks  are  open. 
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66.— Cylinder  Esoape-valves  are  generally  strong  yalves  (resembling  an 
ordinary  safety-yalve  in  form)  fitted  into  the  top  and  bottom  of  the  cylinder, 
and  kept  in  their  places  by  helical  rings,  compressed  to  the  required  pressure. 
They  are  protected  by  means  of  a  cylindrical  cast  iron  casing,  which  fits 
down  over  the  top  of  them.  The  escape-yalves  are  regolated  by  means  of  a 
brass  nut  screwed  into  the  top  of  the  metal  casing  already  mentioned,  and 
against  the  bottom  of  which  the  spring  presses ;  by  means  of  this  nut  the 
spring  can  be  compressed  or  relaxed  as  circumstances  may  require.  These 
valves  are  most  needed  when  the  engines  are  being  started,  as  from  various 
causes  (such  as  condensation,  priming,  &c.)  water  is  apt  to  collect  in  the 
cylinder,  both  above  and  below  the  piston,  and  since  it  is  incompressible,  if 
it  accumulate  to  any  considerable  extent,  it  must  find  an  exit,  or  damage  will 
be  done  to  the  engine.  The  engineer  is  exposed  to  the  danger  of  scalding 
from  steam  or  hot  water  being  suddenly,  and  with  great  force,  ejected  from 
these  valves.  It  is  customary,  as  a  precaution  against  this,  to  turn  the  hole 
which  is  in  the  metal  casing  to  allow  of  the  free  passage  of  the  hot  water  or 
steam  away  from  the  front  of  the  engines,  and  in  such  a  direction  as  will 
make  it  impossible  that  the  ejected  steam  or  hot  water,  in  the  event  of  the 
valves  blowing  through,  should  come  in  contact  with  any  of  the  engine-room 
hands ;  but  sometimes,  as  a  precaution  against  scalding,  a  pipe  is  fixed  to 
the  outlet,  and  led  away  to  the  bilge. 

67. — A  Compound  Engine  is  a  high  and  low  pressure  condensing  engine, 
in  which  the  mechanical  action  of  the  steam  is  he^fun  in  one  cylinder  and  ended 
in  a  larger  cylinder.  The  steam  at  a  high  pressure  first  enters  the  small 
cylinder  until  the  piston  has  been  moved  through  a  certain  distance,  where 
the  valve  is  so  regulated  that  the  commimication  with  the  boiler  is  entirely 
shut  ofiP,  and  the  remainder  of  the  space  to  be  passed  through  by  the  piston 
is  performed  by  the  expansion  of  the  steam  now  shut  up  in  the  cylinder,  and 
which,  having  done  its  work  there,  rushes  to  the  condensing  cylinder,  where 
it  does  an  equal  or  proportionate  amoimt  of  work,  and  out  of  which  it  is 
exhausted  into  the  condenser.  With  respect  to  the  number  and  arrange* 
ment  of  the  cranks  and  cylinders,*there  may  be  said  to  be  about  five  different 
kinds  of  compound  engines  used  for  screw  steamers.  The  first,  and  most 
generally  adopted  kind  is  that  of  the  inverted  direct-acting  engine,  with  the 
cylinders,  high  and  low  pressure,  placed  alongside  of  each  other  in  the  fore- 
and-aft  direction  of  the  ship,  with  the  steam-chests  between  them,  and 
connected  direct  with  the  two  cranks  on  the  shaft  beneath.  Another  kind 
occasionally  adopted  is  that  also  of  an  inverted  direct- acting  engine,  but  with 


*  Compound  engines  usually  belong  to  one  or  other  of  two  classes,  (i)  Those  in  whidh 
the  motion  of  the  first  piston  is  always  in  the  opposite  direction  to  that  of  the  second,  (a) 
Those  in  which  the  motion  of  the  first  piston  is  sometimes  in  the  opposite  direction  to  that 
of  the  second,  and  sometimes  in  the  same  direction ;  there  being  an  intermediate  catmf 
flUed  with  steam. 
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one  cylinder  placed  immediately  above  the  other — the  high  pressure  being 
on  the  top.  In  this  case  there  is  only  one  piston-rod,  which  is  continued 
through  both  cylinders  and  pistons,  one  connecting-rod,  and  consequently 
only  one  crank ;  a  fly-wheel  being  fitted  on  to  the  shaft  to  help  the  engine 
over  the  dead  centre.  Another  type,  similar  to  the  last  as  far  as  the  number 
of  cranks  goes,  is  that  in  which  the  high  pressure  cylinder  is  placed  within 
the  low  pressure.  A  fourth  arrangement,  and  one  adopted  by  a  well-known 
firm  of  marine  engineers,  is  to  have  four  cylinders,  two  high  pressure,  and  two 
low ;  the  two  high  pressiire  cylinders  being  placed  immediately  on  the  top  of 
the  low,  that  is,  each  low  pressure  cylinder  has  a  high  pressure  cylinder  on 
the  top  of  it;  the  piston-rods  (two  in  number),  as  in  the  case  mentioned  above^ 
passing  through  both  cylinders,  and  connected  direct  with  the  two  cranks  on 
the  shaft  lying  immediately  beneath.  And  lastly,  the  arrangement  called 
the  horizontal  direct-acting  engine,  used  chiefly  for  war  vessels,  and  in  which 
we  have  two  cylinders,  high  and  low  pressure,  placed  on  their  sides  alongside 
of  each  other  with  their  cranks  to  the  side  of  the  ship,  and  their  centres  on  a 
level  with  the  centre  of  the  crank  shaft,  to  the  two  cranks  of  which  they  are 
directly  connected. 

68. — The  Link  Motion  is  an  arrangement  of  slide-valve  gear  for  reversing 
engines,  and  varying  the  rate  of  expansion  at  will.  It  consists  of  two  eccen- 
trics, with  their  appropriate  hoops  and  rods,  and  a  connecting  curved  link 
of  iron  for  joining  the  ends  of  the  eooentrio-rods  together.  Usually,  the  link 
is  made  open,  and  a  metal  block,  which  is  in  oonnection  with  the  valve,  may 
be  made  to  traverse  it  from  end  to  end.  The  eccentrics  are  so  placed  that 
when  one  end  is  in  the  right  position  for  the  engine  to  move  forward,  the 
other  is  in  the  position  for  moving  backward,  and  by  raising  up  or  lowering 
the  link,  therefore,  so  as  to  bring  the  metal  block  in  connection  with  the 
valves,  opposite  to  the  one  or  other  eccentric-rod,  the  motion  proper  to  that 
rod  will  be  communicated  to  the  valve,  and  the  engine  will  move  backward 
or  forward  accordingly.  The  result  of  this  combination  is,  that  the  link 
receives  a  reciprocating  motion  in  its  centre,  since,  when  one  eccentric  is 
moving  the  one  end  of  the  link  in  one  direction,  the  other  eccentric  will  be 
moving  the  other  end  of  the  link  in  the  other  direction,  so  that  the  link  will 
have  nearly  the  same  species  of  motion  communicated  to  it  as  if  it  were  sus- 
pended by  a  pivot  at  its  centre.  Thus,  the  amount  of  travel  which  will  be 
communicated  to  the  valve  will  depend  upon  the  distance  at  which  the 
movable  metal  block  may  be  from  the  central  point  of  the  link ;  and  by 
moving  the  block  up  or  down  in  the  link,  the  amount  of  travel  of  the  valve 
may  be  modified  as  desired ;  and  since  the  travel  of  the  valve  is  the  measure 
of  the  lap,  to  reduce  the  travel  is  tantamount  to  increasing  the  lap,  and  hence 
the  link  motion  becomes  an  expedient  for  regulating  the  amount  of  expansion 
with  which  the  engine  works.     Its  advantages  are,  its  simplicity  of  con- 
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struotion,  and  the  ease  and  readiness  with  which  it  can  be  worked.  When 
there  is  no  link  motion  the  loose  eccentric  is  used  instead. 

69. — A  separate  expansion-valve  is  one  which  works  separately  and  inde- 
pendently of  the  main  slide-valve.  It  is  generally  of  the  description  called 
the  *' gridiron"  valve.  It  is  worked  by  an  independent  eccentric  and  rod, 
and  is  so  arranged  that  the  cut-off  can  be  regulated  to  any  required  portion 
of  the  stroke  of  the  piston.  It  is  not  fitted  to  all  engines,  as  it  may  be 
deemed,  in  some  cases,  superfluous,  since  sufficient  expansion  may  be  got 
by  lap  on  the  ordinary  valve ;  it  may  also  be  objected  to  as  increasing  in 
complication  the  working  parts  of  the  engine ;  any  saving  of  fhel  it  may 
efPect  not  making  up  for  this  and  the  additional  trouble  it  may  give.  The 
effect  of  an  expansion-valve  is  often  to  hinder  and  retard  the  expeditiooB 
starting  or  reversing  of  the  eng^e. 

00. — The  friction  of  a  slide-valve  may  be  reduced  by  so  arranging  the 
passages  in  the  slide,  that  the  steam  pressure  is  equalized  on  both  sides,  and 
the  valve  placed  in  equilihrio.  The  arrangement  to  effect  this  purpose  is 
generally  a  ring  cast  on  the  back  of  the  sHde-valve,  and  working  steam-tight 
against  a  planed  surface  inside  of  the  casing  cover,  so  as  to  reduce  the  area 
of  the  valve  exposed  to  the  pressure  of  the  steam  in  the  valve  casing.  The 
friction  of  a  sHde-valve  is  due  to  the  pressure  of  the  steam  acting  upon  the 
unbalanced  area  of  the  slide-valve. 

61. — A  Loose  Eccentric  consists  of  the  eccentric  pulley,  of  cast  iron,  which 
is  loose  on  the  intermediate  shaft,  and  the  hoop  of  wrought  iron  lined  with 
brass,  which  encircles  the  pulley  and  gives  motion  to  the  eccentric-rod.  The 
eccentric  stops  are  two  little  projections  fixed  on  the  intermediate  shaft  for 
the  purpose  of  carrying  round  the  eccentric  pulley,  according  as  it  is  wanted 
to  go  ahead  or  astern,  the  pulley  itself  being  free  to  revolve  backwards  or 
forwards  between  the  two  stops.  The  weight  of  the  pulley  is  balanced  on 
the  shaft  by  the  back  balance  cast  on  it.     A  link  is  generally  used  instead. 

62. — The  travel  of  the  Eccentrio-rod  is  the  distance  travelled  by  the  rod 
in  half  a  revolution  of  the  eccentric,  and  is  equal  to  twice  the  throw  of  the 
eccentric.  It  can  be  measured  on  the  eccentric  by  taking  the  distance  from 
the  outside  of  the  shaft  to  the  outside  of  the  eccentric  at  the  smallest  part, 
and  subtracting  it  from  the  distance  measured  from  the  outside  of  the  shaft 
to  the  outside  of  the  eccentric  at  the  largest  part. 

63. — Double-beat  Valves  consist  of  two  circular  discs,  or  valves,  threaded 
on  the  same  spindle,  with  a  space  between  into  which  the  steam  enters,  and 
by  pressing  on  the  top  of  the  lower  valve,  and  on  the  bottom  of  the  top  one, 
places  them  in  equilibrium,  so  that  they  are  easily  opened  or  closed.  They 
are  not  generally  used  for  safety-valves  as  it  is  difficult  to  keep  them  tight, 
consequent  upon  the  unequal  expansion  of  the  brass  valves  and  the  iron 
chest     They  are  sometimes  used  instead  of  slide-valves,  and  worked  by 
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means  of  a  cam  shaft ;  but  are  objectionable  for  the  reason  that  they  are  not 
easily  kept  tight,  and  sometimes  require  a  weight  or  spring  to  cause  them  to 
shut.  Their  action  is  also  limited  to  the  difference  in  the  area  of  the  two 
valves. 

NoTB. — Ab  a  meobanioal  device  for  effecting  the  object  in  view,  viz.,  the  opening  of  a 
olose  pipe  against  fluid  pressure  with  a  small  expenditure  of  force — the  double-beat  valye 
Ib  a  perfect  apparatus.  The  principle  relied  upon,  as  just  stated,  is  the  opposition  of  fluid 
pressure  on  two  surfaces,  but  the  mode  of  application  is  different.  Steam  is  supposed  to  be 
on  its  way  to  the  cylinder  and  to  have  passed  a  regulator,  viz.,  the  throttle-yidye,  so  as  to 
be  entering  the  space  between  the  discs.  It  is  manifest  that  the  tendency  of  the  steam 
pressure  is  to  lift  one  disc  upwards  and  to  press  the  other  disc  downwards,  and  if  the  areas 
of  the  two  discs  be  equal,  these  opposing  forces  will  balance  and  the  valve  may  be  lifted 
with  a  very  small  exertion  of  force. 

An  important  advantage  attaches  to  a  double-beat  valve  in  respect  of  the  area  of  opening 
for  the  passage  of  steam  under  a  given  amount  of  lift.    The  question  is  one  of  geometry. 

Let  2  r  be  the  internal  diameter  of  a  pipe  covered  at  one  end  by  a  disc  of  the  same 
diameter.  When  the  valve  is  raised,  let  x  be  the  linear  motion  of  the  disc  along  the  axis 
of  the  pipe,  and  we  have 

Area  of  opening  =  i  x  r  X  ^* 
But  if  the  pipe  be  fully  opeu,  area  of  opening  =  area  of  pipe. 

Or,  a  T  r  a;  =  T  r*, 

which  prove  a  well-known  rule,  viz.,  that  a  pipe  closed  by  an  ordinary  plate  valve  is  fully 
open  when  the  lift  of  the  valve  is  one-fourth  the  diameter  of  the  pipe.    (See  Rule  OXXII, 

page  ^SS)* 

64. — A  Circnlating  Pump  is  a  pump  used  to  pump  water  from  the  sea  and 
force  it  through  the  condenser.  It  is  not  always  worked  by  the  main  enginoi 
but  sometimes  by  an  independent  auxiliary  engine. 

66. — The  Air-valve,  sometimes  fitted  to  a  circulating,  reciprocating,  or 
double-acting  pump,  is  for  the  purpose  of  admitting  air  to  the  water  on  the 
up-stroke  of  the  pump,  but  the  valve  is  closed  against  the  down-stroke ;  the 
air  admitted  serves  to  soften  the  dead  shock  of  the  water. 

66. — The  difference  between  a  bucket  air-pump,  a  piston  air-pump,  and  a 
plunger  air-pump  is,  a  bucket  air-pump  is  a  single-acting  pump,  the  bucket 
being,  in  fact,  a  piston  with  a  valve  fitted  to  it,  which  closes  on  the  up-stroke 
and  opens  on  the  down,  lifting,  therefore,  a  quantity  of  water  equal  to  only 
once  the  capacity  of  the  air-pump  in  one  revolution  of  the  engine.  It  is  fitted 
with  foot  and  head  valves.  The  piston  air-pump  is  a  double-acting  pump, 
the  piston  being  solid.  It  is  fitted  with  suction  and  delivery  valves,  and 
discharges  with  each  stroke.  The  plunger  air-pump  is  also  a  double-acting 
pump,  but  with  an  arrangement  resembling  the  bucket  air-pimip  in  every 
thing,  except  that  there  are  no  head  valves,  and  that  the  bucket  rod  is  fitted 
with  a  large  plunger.  The  effect  of  this  is,  that,  whereas  the  ordinary 
bucket  air-pump  discharges  only  with  the  up-stroke,  the  plunger  air-pump, 
owing  to  the  displacement  caused  by  the  bulk  of  the  plunger,  discharges  on 
the  down-stroke  as  welL 
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67. — Donble-aoting  air-pnmpB  are  generally  made  witli  pistons,  sometimes, 
however,  also  with  plungers,  as  shown  above. 

68.— An  air-pump  trunk  is  a  hollow  cylinder  of  brass  attached  to  the 
bucket  or  piston,  and  worked  through  the  stuffing  box  in  the  same  manner 
as  an  air-pump  rod.  Inside,  at  the  end  next  the  bucket  or  piston,  is  fixed  a 
single  eye,  which  takes  the  connecting-rod.  It  is  rendered  necessary  when 
the  pump  is  worked  direct  off  the  crank-shaft,  or  where  the  pump  is  arranged 
so  close  to  the  levers  through  which  the  motion  is  transmitted  from  the  engine, 
as  to  render  the  application  of  an  intervening  cross-head  and  links  impossible. 
The  difPerence  in  the  discharge  is  equal  to  the  relative  difference  between  the 
displacement  caused  by  an  ordinary  air-pump  rod,  and  that  caused  by  a 
large  trunk. 

69. — The  donble-aoting  air-pump  must  have  both  suction  and  delivery 
valves ;  but  it  is  possible  with  the  single-acting  pump  in  some  cases  to  do 
without  either  one  or  the  other. 

70. — An  air-pump  with  a  foot-valve  and  no  disoharge-valve  would  be 
most  affected  with  a  leaking  stuffing  box.  If  the  foot-valve  be  allowed  to 
remain,  the  pump  would  still,  however,  draw  water,  but  if  it  were  removed, 
the  pump  would  probably  miss  altogether. 

71. — ^In  the  case  of  the  delivery-valves  being  at  the  sides  of  the  air-pump, 
the  gland  will  be  between  it  and  the  bucket-valve,  and  if  leaky  will  spoil  the 
vacuum  above  the  bucket,  and  consequently  the  quantity  of  water  in  the 
up-stroke  will  be  diminished.  In  the  other  case  the  leaking  is  of  littie  or  no 
moment.  In  the  first  case,  if  there  is  a  foot-valve  there  will  always  be  a 
reserve  of  water  left  at  each  stroke,  and  the  bucket  dipping  into  this  must 
necessarily  take  up  what  water  is  above  it  at  the  bottom  of  its  stroke,  whereas 
were  there  no  foot- valve  the  bucket  would  only  draw  a  quantity  of  water 
equal  to  the  amount  of  vacuum  above  it,  and,  as  before  stated,  if  the  gland 
was  leaking  this  vacuum  would  be  diminished. 

72. — The  air-pump  pet-cock  or  valve  is  placed  immediately  below  the  head- 
valve,  and  above  the  bucket  when  at  the  top  of  the  pump.  It  opens  with  the 
down-stroke  of  the  pump,  and  air  is  drawn  in  to  act  as  a  cushion  on  the  top 
of  the  water  when  opening  the  delivery-valve.  By  it  the  engineer  can  tell 
whether  the  pump  is  drawing  properly  or  not.  It  will  necessarily  reduce  the 
effectiveness  of  the  pump.  It  would  not  be  applicable  to  double-acting 
pumps,  as  the  air  reduces  their  effective  capacity. 

73. — The  water  in  the  hot-well  of  a  surface  condensing  engine  is  generally 
worked  at  a  temperature  of  about  100°  to  1 10^  Fah.,  and  getting  warmer  as 
the  ship  approaches  the  equator.  The  effect  of  a  higher  temperature  would 
be  to  injure  the  india  rubber  air-pump  valves.  The  effect  of  a  lower 
temperature  would  be  to  cool  down  the  cylinder  too  much,  and  to  cause  a 
waste  of  fuel  by  the  condensation  of  the  steam.    The  lowness  of  the  tempera- 
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ture  is  limited  by  the  temperature  of  the  sea  water  after  it  has  passed 
through  the  condenser,  finding  its  way  into  the  hot-well  either  through  the 
auxiliary  feed-pipe  (used  generally  when  the  boilers  are  leaking)  or  condenser 
tubes.  A  very  low  temperature  has  two  disadvantages,  viz.,  the  increased 
consumption  of  fuel  caused  by  it,  and  also  the  increased  risk  of  salting  the 
boilers — ^the  lowness  of  the  temperature  of  the  feed  water  indicating  the 
presence  of  pure  sea  water  in  greater  or  smaUer  quantities. 

74. — The  neoessary  fittings  for  a  bilge  injection  with  a  common  condenser 
would  be,  a  cock  on  the  side  of  the  condenser  with  a  leaden  pipe  leading  from 
it  to  the  bilge,  the  end  of  the  pipe  being  fitted  with  a  strum.  It  is  used 
when  the  ship  is  making  more  water  than  the  bilge-pumps  can  get  rid  of. 
The  strum  must  be  kept  free  from  small  coal  or  other  matter  in  the  bilge 
which  is  apt  to  choke  it,  and  care  must  also  be  taken  that  the  condenser  does 
not  get  hot. 

76. — ^When  surfeu^e  condensers  are  used,  the  bilge  water  is  used  as  circu- 
lating water  instead  of  injection  water,  as  in  the  case  of  a  bilge  injection.  A 
stop-valve  is  fitted  to  the  circulating  suction  pipe,  or  on  to  the  bed-plate 
immediately  beneath  the  circulating  pump.  A  bilge  injection-valve  should 
always  be  a  clack-valve,  whose  lift  can  be  regulated  by  means  of  a  screw 
spindle.  This  is  evidently  necessary,  as  a  clack-valve  will  allow  of  water 
being  pumped  from  the  bilge,  although  it  will,  from  its  construction,  prevent 
any  flow  of  water  to  the  bilge. 

76. — The  injection  cooks  are  regulated  by  means  of  rods  with  loose  ends, 
which  fit  on  to  the  tops  of  the  cocks,  and  with  handles  attached.  These  rods 
and  handles  are  so  arranged  that  they  can  be  worked  from  the  front  of  the 
engine.  If  the  injection  cocks  are  too  much  open  the  delivery  valves  of  the 
air-pump  will  lift  too  soon,  thereby  causing  a  defective  vacuum  in  the  con- 
denser ;  if,  on  the  other  hand,  they  are  too  little  open,  the  condenser  will 
get  hot. 

77. — The  feed-pump  pet-cook  or  valve  is  placed  on  the  barrel  of  the  pump 
just  above  the  suction  valve.  It  is  used  to  let  air  in  to  mix  with  the  water, 
so  as  to  soften  the  shock  on  the  pipes  when  discharging,  and  to  show  whether 
the  pump  is  working  properly  or  not.  If  an  air-vessel  is  fitted  on  the  dis- 
charge  pipe,  the  pet-cock  is  not  so  necessary. 

78. — The  method  mostly  used  of  feurtening  the  ends  of  condenser  tubes  is 
to  drive  a  wooden  ferrule,  which  fits  the  outside  of  the  tube,  tightly  in 
between  it  and  the  hole  in  the  tube  plate.  Another  way  is  to  have  the  tube 
ends  projecting  a  little  through  the  tube  plates,  an  india  rubber  washer  is 
placed  around  these  ends,  and  a  second  plate  is  bolted  down  over  all,  the 
holes  in  which  are  so  arranged  that  the  tube  ends  go  so  far  through,  then 
by  decreasing  the  diameter  of  the  hole,  a  shoulder  is  formed  which  cornea 
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against  the  end  of  the  tnbes.  A  third  way  is  to  make  a  stufflng-box  of  the 
hole  in  the  tube  plate,  into  which  an  india  rubber  washer  is  inserted  as 
packing,  and  a  small  gland  screwed  down  on  to  it.  Oondenser  tnbes  are 
generally  i  inch  diameter,  and  No.  1 8  wire  gange,  or  not  qnite  -ji^  of  an  inch 
thick. 

79.— The  Blow-throngh  Valve  or  Cook  is  an  ordinary  disc  yalve  with  a 
spindle  and  lever,  and  the  casing  of  general  form.  It  is  used  to  blow  out 
the  air  and  gases  which  may  have  collected  there.  It  is  attached  to  the 
steam  casing  and  connected  to  the  condenser  by  means  of  a  pipe.  In  the 
ease  of  compound  engines  it  is  fitted  to  the  high  pressure  slide  casing,  and  so 
arranged,  that  in  the  event  of  the  high  pressure  engine  breaking  down,  by 
opening  it  steam  can  be  admitted  to  the  exhaust  port,  and  so  direot  to  the 
low  pressure  steam  chest. 

80. — A  Snifting-valve  is  an  ordinary  mitre  valve  fitted  to  the  oondenser, 
opening  upwards,  and  loaded  with  lead  to  withstand  a  certain  pressure. 
Through  it  the  air  and  gases  are  blown  when  the  engines  are  blown  through 
before  starting;  by  it,  also,  should  the  tubes  be  leaking,  the  condenser  is 
relieved  of  the  water  after  it  has  attained  a  certain  height.  If  it  be  placed 
too  high  it  will  not  act  efficiently ;  on  the  other  hand,  it  cannot  well  be  placed 
too  low,  in  fact  it  should  be  placed  as  low  down  on  the  condenser  as  possible, 
and  so  weighted  with  lead,  that  when  the  water  which  may  collect  in  the 
oondenser  (the  tubes  being  leaky,  the  engine  stationary,  with  the  discharge 
valve  open  and  the  sea  washing  in)  has  reached  the  top,  it  will  open  the 
valve  and  flow  out.  It  is  evident  that  under  these  circumstances,  if  the  con- 
denser were  not  fitted  with  a  valve  of  this  description,  there  is  nothing  to 
prevent  the  water  from  rising  into  the  cylinder  and  thus  choking  the  engines^ 

81. — ^The  connections  generally  fitted  to  the  hand  pump  are  pipe  connec- 
tions from  the  bilge  and  sea  to  the  boilers,  deck,  and  overboard.  It  can  be 
used  for  pumping  up  and  feeding  the  boilers,  clearing  the  bilges,  washing 
decks,  and  as  a  fire  engine  in  case  of  fire. 

SSL — ^When  the  engines  are  stopped  with  the  steam  up,  shut  the  stop-valve 
knA  ease  the  safety-valve  (if  too  much  steam),  close  the  damper,  shut  off  the 
feeds,  and  if  going  to  stop  for  some  time,  shut  the  injection  and  service  pipes, 
and  open  the  drain  cocks  on  high  pressure  cylinders. 

83. — ^The  engine  is  heatod  up  before  starting  by  opening  the  main  stop- 
valve  a  little.  If  the  cylinder  is  jacketed,  open  the  jacket  inlet  cock,  the 
blow  through  valve,  and  also  the  cylinder  drain  cocks.  See,  first  of  all,  that 
the  engine  is  properly  warmed  through,  and  the  cylinders  free  from  water; 
then  see  that  the  discharge,  kingston,  and  stop-valves  are  open,  and  that  all 
the  gear  of  the  engine  is  clear  and  in  working  order ;  and  if  the  ship  is  in 
dock  or  harbour,  a  man  should  be  sent  on  deck  to  see  that  there  is  nothing 
I6h1  of  the  propeller. 
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84. — ^An  interceptor,  or  separator  as  it  is  sometimes  oalledi  is  generally 
just  a  square  or  oblong  box  of  cast  iron  or  brass,  with  a  diaphragm  or  partition 
plate  extending  from  the  top  of  it  to  better  than  half-way  down ;  the  steam 
enters  at  the  top  of  one  side  and  strikes  full  against  the  partition  plate,  passing 
under  it  and  out  to  the  engine  at  the  top  of  the  other  side ;  if  any  water 
comes  with  the  steam  it  strikes  against  the  plate  and  drops  down  to  the 
bottom  of  the  interceptor,  where  it  collects.  A  cock  is  fitted  on  the  bottom 
for  the  purpose  of  drawing  off  the  water.  Oare  must  be  taken  that  the  water 
does  not  rise  too  high  and  fill  up  the  steam  passage  under  the  plate.  The 
interceptor  is  generally  fitted  on  to  the  superheater  or  steam  receiver,  as  the 
case  may  be. 

85.— An  air-pump  bucket  is  a  hollow  piston  made  of  brass  with  a  grating 
cast  in  the  top,  and  a  boss  which  receives  the  rod  in  its  centre,  from  which 
run  strengthening  ribs  to  the  rim  of  the  bucket.  The  outside  of  the  bucket 
is  grooved  to  receive  packing,  which  generally  consists  of  spunyam  lapped 
tightly  round.  On  the  top  of  the  grating  comes  the  india  rubber  valve, 
whose  lift  is  regulated  by  a  brass  guard  secured  by  means  of  a  brass  nut,  and 
against  which  the  valve  is  pressed  when  the  bucket  is  on  the  down  stroke, 
and  the  water  rushing  through.  The  valves  are  generally  made  of  india 
rubber. 

86. — ^Air-pump  rods  are  made  sometimes  of  Muntz  metal,  at  other  times  of 
brass  or  wrought  iron  cased  with  brass.  They  are  made  so  on  account  of  the 
brass  being  proof  against  the  oxidization  to  which  wrought  or  cast  iron  rods 
and  plungers  are  subjected.* 

87. — ^The  racing  of  the  engine  is  a  suddenly  accelerated  motion  of  the 
engines  caused  by  the  propeller  being  relieved  from  the  resistance  of  the 
water  when  the  ship  is  rolling  and  pitching.  Badng  takes  place  in  a  heavy 
sea-way.  When  it  occurs  there  is  a  danger  of  some  part  of  the  machinery 
giving  way  from  the  strain  caused  by  the  engine  flying  off  at  a  high  rate  of 
velocity ;  also,  of  the  propeller  blades  being  snapped  off  by  coming  violentiy 
in  contact  with  a  sea  as  the  ship  setties  down  again.  The  means  used  to 
prevent  racing  is  the  application  of  the  Marine  Qovemor,  by  means  of  which 
the  steam  is  shut  off  from  the  engine ;  or,  if  no  governor  is  fitted,  regulating 
the  throttie-valve  by  hand. 

88. — ^The  Harine  Ck)vemor  is  an  apparatus  which  is  used  to  regulate  the 
speed  of  the  engines  and  to  prevent  racing  when  in  a  sea-way.  They  are  of 
various  constructions,  the  conmioneet,  perhaps,  being  that  of  the  friction 
clutch  and  spring.  It  is  driven  direct  from  the  shaft  by  means  of  a  rope 
and  pulleys.     On  the  governor  spindle  is  a  fly-wheel  to  ensure  steadiness  of 


^  Voltaic  electricity  is  produced  wheneyer  two  diwimilar  metals  are  in  the  same  liquid 
touching  one  another.  The  most  oxidiaable  metal  is  acted  upon  very  rapidly ;  the  least 
oxidiaable  metal  is  not  acted  npon  at  alL 
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motion,  and  a  friction  clutch,  the  sliding  half  of  which  is  connected  by  an 
arrangement  of  rods  and  leyers  with  the  throttle-valYe  on  the  steam-pipe. 
When  any  suddenly  increased  speed  of  the  engine  takes  place  it  is  immediately 
communicated  to  the  governor,  and  the  sliding  half  of  the  clutch  is  forced 
away  from  the  fixed  half,  this  motion  is  communicated  by  the  rods  and  levers 
to  the  throttle-yalYe,  which  is  partially  closed ;  as  soon  as  the  speed  of  the 
engine  is  thus  reduced  to  its  normal  condition,  the  spring  attached  to  the 
sliding  half  fetches  it  back  into  dose  contact  with  the  fixed  half. 

88a. — ^Define  the  terms,  (i)  the  thread  of  a  screw,  (2)  angle  of  pitch,  (3) 
length,  (4)  area  of  blade,  (5)  and  diameter. 

A. — (i)  The  thread  is  the  distance  along  the  edge  of  the  blade ;  (2)  the 
angle  is  the  inclination  of  the  thread  to  the  horizon;  (3)  the  length  is  the 
fraction  of  the  pitch  actually  used ;  (4)  the  area  is  the  surface  of  the  blade ; 
(5)  is  the  diameter  of  the  cylinder  from  which  the  screw  is  taken,  or  its 
perpendicular  distance  between  the  extreme  outside  points  of  the  blades. 

89. — ^The  pitch  of  a  screw  propeller  is  the  distance  in  the  line  of  the  shaft 
from  one  convolution  to  the  next,  or  the  distance  between  the  threads  measured 
in  a  line  with  the  shaft,  supposing  the  screw  to  consist  of  two  or  more  convo- 
lutions. The  operation  of  measuring  the  pitch  proceeds  upon  the  fact,  that 
if  a  line  representing  the  circumference  of  the  disc  of  the  screw  at  its  extreme 
diameter,  and  another  representing  the  pitch  of  the  screw,  be  drawn  at  right- 
angles  to  one  another  to  a  scale  of  parts,  the  hypothenuse  of  this  right-angled 
triangle  will  represent  the  length  of  the  winding  thread.*  After  measuring 
the  diameter,  that  is,  length  of  the  blade  or  fan  to  the  centre  of  screw  shaft, 
in  order  to  find  the  circumference  fi*om  it,  the  length  of  the  blade  along  its 
penphery  is  to  be  measured,  this  being  a  portion  of  the  hypothenuse  of  the 
triangle  whose  sides  we  wish  to  determine :  then  measure  the  distance  that  one 
comer  of  the  blade  is  before  the  other  in  the  line  of  the  axis,  and  this  being 
a  portion  of  the  pitch,  is  a  part  of  another  side  of  the  triangle.  Now,  two  sides 
of  a  right-angled  triangle  being  known,  the  third  can  be  found,  in  this  case, 
by  subtracting  the  square  of  the  side  from  the  square  of  the  hypothenuse,  and 


^  To  measnie  the  intoh ; 

Let  AB  =  line  of  ahaftmg. 

Angle  A  B  0  =  the  angle  that  the  blade  makes 
with  a  shaft  at  x  feet  from  oentre  of  shaft.  At  B  raise 
a  perpendioolar  on  AB  and  let  B D  =  2  «  X  3*141^ 

From  the  point  D  draw  the  line  OD  parallel  to 
AB. 

OD  =  thepitoh. 
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finding  the  square  root  of  the  remainder,  and  the  dimension  so  found  will 
represent  a  portion  of  the  circumference.  Next  make  the  following  propor- 
tion : — The  msaaured  fraction  of  the  eireumferenoe  :  the  whole  dreumferenee  : :  the 
measured  fraetum  of  the  pitch  :  the  whole  pitch. 

90. — A  right-handed  propeller  is  a  propeller  whose  blades  form  part  of  a 
right-handed  screw  of  a  certain  pitch.  It  revolves  from  port  to  starboard  of 
the  ship.  A  left-handed  propeller's  blades  form  part  of  a  left-handed  screw, 
and  it  revolves  from  starboard  to  port  of  the  ship. 

90a. — ^What  is  the  meaning  of  the  term  screw  of  increasing  pitch  ? 

A. — A  screw  of  which  the  pitch  increases  from  the  leading  edge  to  the 
following  edge  of  the  blade,  or  from  the  centre  to  the  circumference,  or  both. 

90b. — ^What  is  a  screw  of  uniform  pitch  ? 

A. — ^A  screw  of  uniform  pitch  is  one  in  which  the  distance  between  the 
threads  is  a  constant. 

90o. — Oive  illustrations  of  the  difPerence  between  a  screw  of  an  even  and 
one  of  an  increasing  pitch,  and  of  one  in  which  no  two  parts  of  the  pitch  is 
equal. 

A. — ( I )    A  right-angle  triangle  wound  round  a  cylinder. 

(2)  A  right-angle  wound  round  a  cone. 

(3)  A  right-angle  triangle  wound  round  a  parabola. 

90d. — ^Why  do  engine  makers,  as  a  general  rule,  fit  a  right  and  left-handed 
propeller  to  twin  screw  vessels  f 

A. — ^It  is  advisable  that  the  crank  should  revolve  in  the  same  direction 
with  regard  to  the  cylinders,  and  it  is  more  convenient  to  have  propellers, 
one  right-handed,  the  other  left,  than  to  place  the  cylinders  on  the  same  side 
of  the  shipk 

91. — ^The  slip  of  a  screw  propeller  is  the  difference  between  the  actual 

speed  of  the  ship  and  the  speed  of  the  screw ;  or,  in  other  words,  it  is  the 

amount  of  work  lost  from  the  screw  revolving  in  water,  a  yielding  substance. 

Its  amount  is  expressed  in  figures  as  so  much  per  cent,  of  the  work  which 

would  be  accomplished  if  the  screw  were  revolving  in  an  unyielding  medium, 

that  is,  as  so  much  per  cent,  of  the  speed  due  to  the  pitch  multiplied  by  the 

number  of  revolutions. 

Thus :  lappose  the  propeller  to  have  a  pitch  of  15  fiset,  and  to  make  50  revolutioiif  per 
minnte,  then  the  distanoe  in  knots  it  should  move  in  an  honr  is^ 

(50  X  60  X  15)  -r  6080  =  12-3. 
But  the  ship,  we  suppose,  has  an  actual  speed  of  11  knots,  oonsequently, 

11*3  —  II  =:  i'3  knots  =  slip,  or, 
1*3  X  100  -^  11*3  =  10*6  per  cent.  slip. 

92. — ^The  valves  about  engines  and  boilers  which  have  to  be  worked  by 
hand  are  the  stop  valve,  the  throttle-valve,  the  starting  valve,  the  blow-through 
valve  or  code,  the  safety-valves,  the  kingston-valves,  and  the  delivery 
valves.    ISiose  whioih  are  self-aoting  are,  the  oircnlating  pump  head  bucket 
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and  foot  valyes,  air-pump  ditto,  all  the  feed  and  bilge-pump  valyes,  the  feed 
Btop-valves  on  boilers,  the  esoape-valves,  the  snifting-valyes,  and  locked 
safety-valveB.  The  slide-valyes  are  the  only  ones  which  are,  strictly  speakings 
worked  by  the  motion  of  the  engine,  although  all  the  others,  with  the 
exception  of  the  lock  safety-yalve,  may  be  said  to  be  worked  indirectly  by 
the  engine. 

98. — The  tallow  is  forced  into  a  boiler  by  means  of  an  injecting  syringe, 
and  is  sometimes  done  to  allay  any  priming  that  may  be  going  on  in  the 
boiler.  It  is  necessarily  sent  into  the  water  space  -,  if  sent  into  the  steam 
space  it  would  probably  not  mix  with  the  water  of  the  boiler  at  all,  but  be 
carried  olT  by  the  steam  to  the  engine. 

94. — Tallow  cups  with  two  small  cups  and  two  cocks,  and  those  with  one 
small  cock  and  a  valve,  are  suitable  for  high  pressure  cylinders,  and  those 
with  only  one  small  cock,  or  with  one  large  hollow  plug  cock,  for  the  cylinder 
of  a  condensing  engine.  The  cup  with  only  one  small  cock  is  used  in  the 
following  manner :  fill  the  cup  up  with  tallow,  then  by  opening  the  cock 
when  the  engine  is  exhausting  on  that  side  of  the  cylinder  to  which  the  tallow 
cup  is  attached,  the  tallow  will  be  inmiediately  forced  in  by  the  air,  as  soon 
as  it  has  disappeared,  shut  the  cock  again  immediately. 

96.— A  cylinder  esoape-valve,  self-acting,  does  not  allow  all  the  water  to 
escape.  The  depth  of  water  left  in  the  cylinder,  it  is  possible,  will  be  equal 
to  the  amount  of  clearance  between  the  piston  and  cylinder  cover  or  bottom, 
as  the  case  may  be. 

96.— The  steam  lubricator,  or  Impenneator,  as  it  is  sometimes  called,  is  a 
contrivance  by  which  the  cylinders  and  slides  of  an  engine  can  be  regularly 
and  unfailingly  oiled  without  any  further  attention  on  the  part  of  the  engineer 
than  merely,  at  long  intervals,  filling  up  the  Impermeator  with  oil.  The 
Impermeator  is  so  arranged  that  the  steam  entering  it  at  a  high  temperature 
expands  and  rushes  back  towards  the  cylinder  after  the  cut-off  has  taken 
place,  carr3dng  some  of  the  oil  with  it.  It  is  placed  either  on  the  high 
pressure  cylinder  or  in  the  steam-pipe  close  to  the  cylinder.  Throwing  cold 
water  on  the  Impermeator  causes  a  more  rapid  flow  of  the  oil  to  the  engine, 
by  condensing  the  steam,  which  then,  as  water,  sinks  beneath  the  oil  and 
causes  it  to  float  higher,  and  so  overflow  down  the  pipe. 

97. — A  common  or  radial  paddle-wheel  is  one  in  which  the  floats  are  fixed 
rigidly  to  the  arms ;  the  centres  are  made  of  cast  iron ;  the  arms  are  formed 
of  wrought  iron.  The  bolts  for  the  floats  have  one  end  turned  back  so  as  to 
grip  the  back  of  the  arm,  the  other  is  screwed  and  fitted  with  a  nut  and  plate 
or  washer.  The  arms  are  fitted  into  recesses  in  the  centres,  and  secured  by 
wrought  iron  bolts  and  nuts. 

98. — Some  paddle-wheels  are  fitted  with  one  or  more  oast  iron  floats  tat 
the  purpose  of  counterbalancing  the  weight  of  the  moving  parts  of  the  engine* 


Another  method  often  adopted  is  the  bolting  of  a  metal  weight  to  the  outer 
rim  of  the  wheel.  Side  lever  engines  derive  the  most  benefit  ^m  counter- 
balancing. The  metal  float  or  weight  is  placed  so  that  when  the  centre  of 
the  weight  is  at  the  bottom  of  the  wheel,  the  crank  has  a  slight  lead  for  the 
downward  stroke. 

99.--Faddle-wheel  floats  are  sometimes  made  of  different  breadths  to 
prevent  racing  and  to  render  the  working  of  the  engines  smooth  and  regular. 
Single  engines  with  common  wheels  most  require  the  adoption  of  this  plan. 
The  broad  floats  take  the  water  when  the  engine  is  at  half  stroke,  and  the 
narrow  ones  when  the  engine  is  on  top  or  bottom  centre. 

KMX — The  difference  between  a  radial  pi^dle-wheel  and  one  with  feathering 
floats  is,  that  in  a  radial  wheel  the  floats  are  fixed  to  the  arms  with  their 
faces  parallel  to  lines  drawn  from  the  centre  to  the  circumference  of  the  wheel. 
In  the  feathering  wheel  the  floats  oscillate  or  move  on  their  centres,  and  are 
so  regulated  by  an  eccentric  that  their  faces,  while  immersed,  are  nearly  at 
right-angles  to  the  surface  of  the  water.  In  a  feathering  float  there  is  but 
little  power  wasted  in  friction,  the  force  applied  to  the  float  being  nearly  all 
expended  in  a  direct  fore-and-aft  thrust  on  the  water.  One  eccentric-rod, 
called  the  driving  rod,  is  rigidly  fastened  to  the  eccentric  strap  (the  sheave 
of  the  eccentric  being  fixed  on  the  side  of  the  ship) ;  the  other  eccentric-rods 
work  freely  on  pins  attached  to  the  eccentric  strap. 

101.— The  centre  of  the  wheel  eocentrio  is  placed  forward  of  and  in  a 
horizontal  line  with  the  centre  of  the  shafting.  The  eooentrio  sheave  is  cast 
in  two  pieces ;  it  has  a  recess  turned  in  it  to  receive  the  strap,  is  bolted  to  the 
ship's  side,  and  sometimes  has  a  seating  cast  on  to  carry  a  plummer  block  for 
the  shaft  bearing. 

lOS. — The  working  surfetces  of  a  feathering  wheel  are  made  of  brass  and 
are  lubricated  with  the  water  thrown  up  by  the  wheel. 

103.— A  disconnecting  paddle-engine  is  a  double  engine  by  which  the 
wheels  can  be  worked  either  separately  or  together ;  this  is  efiPected  at  the 
inner  port  bearing  by  a  wheel  on  the  intermediate  shaft ;  this  wheel  slides 
on  keys  let  into  the  shaft,  and  can  be  moved  by  a  lever  so  that  the  end  of  the 
crank-pin  either  enters  a  bearing  on  the  circumference  of  the  wheel,  or  else 
works  perfectly  clear.  The  erank-pins  in  a  disconnecting  engine  are  fixed 
in  the  outer  crank. 

101 — Disconnecting  paddle-engines  are  generally  fitted  with  loose  eoeen- 
trios,  and  are  frequently  used  for  tugs  or  ferries  in  which  great  handiness  is 
required. 

106. — Expansion  joints  are  stuffing-box  joints  used  when  a  straight  metal 
pipe,  which  is  exposed  to  considerable  variations  of  temperature,  has  no 
elbow  or  curve  in  its  length  to  allow  it  to  expand  without  injury.  In  such  a 
case  the  pipe  is  divided  into  twqlfiBgthsi  which  aie  united  bgr  a  steam-tig^ 
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joint,  accurately  bored  out  and  turned,  bo  as  to  allow  one  pipe  to  slip  within 
the  other  when  they  lengthen  by  expansion.  They  are  necessary  on  pipes 
connecting  the  engines  and  boilers,  one  boiler  with  another,  and  sometimes 
the  engine  with  the  ship's  side.  They  require  that  the  packing  be  kept  in 
order,  and  the  surfaces  not  allowed  to  corrode  or  stick  together.  The 
working  sur£aces  should  be  made  of  brass. 

106. — The  neglect  of  fitting  chains  or  stops  to  prevent  the  pipe  being 
blown  out  of  the  stuffing-box  may  lead  to  a  serious  accident.  By  soldering 
a  oollar  on  to  the  pipe,  outside  of  the  stufi&ng-box,  and  carrying  a  stop  from 
the  bed-plate  to  the  back  of  the  coUar. 

107. — An  oil  cup  is  a  hollow  box  or  cylinder  made  of  brass,  sometimes  of 
cast  iron,  with  a  pipe  standing  upright  in  the  centre  to  the  height,  perhaps,  of 
three-fourths  or  more  of  the  height  of  the  oil  cup  inside ;  this  pipe  leads 
direct  to  the  working  surfaces.  A  hinged  lid  is  fitted  over  this  cap  to 
prevent  dirt  getting  into  the  pipe.  The  worsted  consists  of  a  number  of 
threads  of  worsted  of  equal  length  attached  to  small  pieces  of  lead  at  one  end 
and  to  a  piece  of  bent  wire  at  the  other ;  the  lead  serves  to  sink  the  worsted 
in  the  oil,  and  by  means  of  the  wire  it  is  thrust  down  the  pipe  towards  the 
bearing,  the  bend  in  the  wire  catching  the  top  of  the  pipe  prevents  the 
syphon  from  going  down  the  pipe  altogether.  The  worsted  may  be  cleaned 
by  blowing  some  of  the  water  out  of  the  boiler  upon  it.  The  sjrphon  ought 
to  extend  so  far  down  the  tube  that  its  extreme  end  is  below  the  bottom  of 
the  oil  cup. 

108. — A  thrust  bearing  generally  consists  of  a  number  of  rings  or  corru- 
gations upon  the  shaft,  which  work  in  a  number  of  corresponding  recesses  in 
the  thrust  block.  This  bearing  receives  the  full  thrust  of  the  propeller, 
either  going  ahead  or  astern,  and  so  prevents  any  lateral  strain  upon  the 
gear  of  the  engine ;  it  is  placed  as  near  to  the  after  engine  as  convenient, 
and  must,  at  all  events,  be  easily  accessible  from  the  engine  room.  The 
lateral  faces  fore-and-aft  of  the  rings  or  corrugations  will  wear,  and  conse- 
quently also  of  the  corresponding  recesses  in  the  blocks,  but  the  horizontal 
surfaces  of  the  rings  or  recesses  will  not,  because  the  block  being  bored  a 
little  larger  than  the  bearing,  it  does  not  take  any  of  the  weight  of  the  shafts 
that  being  borne  by  the  ordinary  shaft  carriages.  The  construction  of  the 
bearing,  with  its  numerous  rings  and  recesses,  renders  it  absolutely  necessary 
to  have  a  number  of  oil  tubes  instead  of  one,  as  in  the  ordinary  bearings,  it 
being  evidently  impossible  that  the  oil  from  one  tube  could  be  disseminated 
equally  over  the  whole  bearing. 

109. — The  bearing  parts  of  the  tail  and  shaft  within  the  stem  tube  are 
covered  with  brass.  These  parts  being  subject  to  the  action  of  the  water 
would  rapidly  oxidize,  and  the  bearing  be  injured,  were  they  not  lined  with 
brass.    The  brass  is  generally  made  about  i  inch  thick. 
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110. — The  stem  tube  is  a  oust  iron  tube  or  pipe  fitted  between  the  stem 
frame  and  the  aftermost  bulkhead  of  the  ship,  its  connections  with  both 
being  made  water-tight.  It  carries  the  tail  end  shaft  through  that  part  of 
the  ship  which  is  so  narrowed  by  the  run  of  the  ship's  lines  afb.  Its  length 
is  fixed  by  the  distance  between  the  stem  post  and  the  after  bulkhead.  At 
the  outer  end,  or  the  end  nearest  to  the  propeller,  it  is  generally  secured  to 
the  stem  post  by  means  of  a  large  nut  screwed  on  to  the  end  projecting 
through  the  stem  post,  a  collar  on  the  tube  coming  against  the  inside  of  the 
post,  forming  the  resistance  to  the  nut.  The  inner  end,  or  the  end  in  the 
after  bulkhead,  is  secured  by  means  of  a  flange  of  sufficient  diameter,  cast 
on  the  tube,  being  bolted  to  the  bulkhead. 

111. — A  lignum  vitas  bearing  is  a  bearing  made  of  that  description  of  hard 
wood.  The  wood  is  fitted  in  long  narrow  strips,  dovetailed  together,  and 
which  are  prevented  from  working  out  by  means  of  a  check  plate.  Such 
bearings  are  generally  used  at  the  outer  end  of  the  stem  tube,  or  outer  end 
bearing  in  a  paddle  engine. 

113.— A  screw  propeller  is  generally  fixed  on  the  shaft  by  means  of  a  larg« 
flat  key,  driven  through  the  boss  of  the  propeller  and  the  shaft,  a  large  nut 
coming  on  behind  the  propeller,  and  behind  the  nut  a  tapered  check  pin 
being  driven  through  the  shaft  to  prevent  its  working  loose.  The  end  of  the 
large  fiat  key  is  fitted  with  a  check  plate  secured  to  it  by  means  of  small 
bolts,  to  prevent  its  getting  loose  at  sea. 

118. — Sluice  valves  are  fitted  on  the  water-tight  bulkheads.  On  almost 
all  screw  steamers  a  large  sluice  valve  is  fitted  on  the  after  engine  room 
bulkhead ;  through  this  valve  admittance  is  gained  by  the  engineers  to  the 
screw  shaft  tunnel.  This  valve  ought  to  be  worked  from  the  upper  plat- 
form of  the  engine  room.  This  is  necessary,  because  in  the  case  of  any 
sudden  and  serious  leakage  into  the  tunnel,  the  engineer  would,  in  all 
probability,  not  be  able  to  get  at  the  valve  from  below.  These  valves 
ought  to  be  frequently  looked  to,  so  that  they  may  not  be  allowed  to  set  fast, 
and  so  be  unworkable  if  any  emergency  arose  requiring  their  use. 

114. — ^With  a  condensing  engine  the  following  valves  or  cooks  are  on  the 
skin  of  the  ship  in  the  engine  room : — The  main  kingston- valve  for  injection 
water,  the  main  discharge-valve  frx)m  condenser,  and  the  bilge  discharge- 
valves;  and  in  the  stoke-hole  there  are  the  blow-off  and  scum  kingston- valves, 
and  cooling  oock. 

116. — ^The  necessary  fittings  of  a  marine  boiler  are  as  follows :  —The  furnace 
bars,  dumb  plates,  bridge  and  dampers,  safety-valves,  the  stop-valves,  the 
blow-off  and  scum-cocks,  the  feed  and  check-valves,  for  both  main  engines 
and  feed  donkey,  the  water  gauge  glass  and  fittings,  and  the  test  oocks; 
a  small  cock  is,  also,  generally  fitted,  by  which  water  may  be  taken  from  tha 
boiieri  and  its  density  tested  by  the  salinometer. 
uuu 
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116. — ^With  a  snr&oe  oondenBing  engine  before  preparing  to  start,  it  is 
necessary  to  open  the  stop-valves  on  the  boiler  so  as  to  get  all  parts  nicely 
heated ;  the  injection  and  discharge  valves ;  the  drain  cocks  in  the  cylinders 
and  slide  jackets  are  also  opened  so  as  to  prevent  the  accumulation  of  any 
water,  and  the  throttle-valve,  if  perfectly  tight,  to  be  left  open  a  little  (but 
there  is  generally  sufficient  leakage  from  this  valve  to  allow  of  its  being  kept 
shut) ;  at  the  same  time  the  engineer  must  not  forget  to  slack  back  the  check- 
valves  on  the  boiler  so  as  to  allow  the  feed  water  to  pass  when  the  engines 
ai^  in  motion. 

117. — A  steam  jacket  is  an  outer  cast  iron  casing  enclosing  the  cylinder, 
the  intermediate  space  being  filled  with  the  hot  steam  from  the  boiler ;  its 
object  being  to  prevent  condensation  or  loss  of  heat  in  the  steam.  A  drain 
eook  is  placed  on  the  bottom  of  it,  to  drain  off  any  water  that  may  collect 
there ;  and  on  its  side  a  cook  for  the  admission  of  steam  from  the  steam-pipe 
preparatory  to  starting  the  engines.  Steam  jackets  are  most  generally  used 
in  compound  engines :  they  require  to  be  felted  to  prevent,  as  far  as  possible, 
loss  of  heat  by  radiation. 

118. — The  parts  and  fittings  of  an  engine  requiring  to  be  felted  or  others 
wise  protected  from  radiation  are  the  sides  of  the  cylinders  and  the  steam- 
pipes;  the  boilers  ought  also  to  be  felted  and  the  uptake  protected  from 
radiation  by  means  of  these  plates  secured  to  the  uptake  plates  by  means  of 
bolts,  and  kept  at  a  distance  of  two  or  three  inches  from  them  by  means  of 
small  hollow  distance  pieces,  through  which  the  bolts  pass. 

119. — ^The  small  cylinders  sometimes  fitted  on  the  slide-valve  casing  cover 
of  vertical  engines,  are  balance  cylinders  which  serve  to  take  the  weight  of 
the  slide  off  the  slide-rods  and  gear.  The  top  end  of  the  slide-rod  is  fitted 
with  a  small  piston,  which  works  steam  tight  in  the  balance  cylinder.  They 
are  connected  on  the  top  side  by  a  pipe  to  the  condenser,  so  that  the  vacuum 
in  the  condenser  acting  on  the  upper  side  of  the  piston  in  the  small  cylinder, 
will  carry  up  any  weight  proportionate  to  the  area  of  the  piston  in  square ' 
inches  multiplied  by  the  vacuum  in  lbs.  per  square  inch.  It  also  carries 
away  any  steam  arising  from  leakage. 

120. — The  principal  pipes  in  connection  with  the  engines  and  boilers  of  a 
steamer,  and  to  what  the  ends  are  connected,  are  as  follows,  viz. :  the  waste 
steam-pipe  leading  from  the  safety-valve  to  the  open  air ;  the  main  steam- 
pipe,  connecting  the  stop-valves  on  the  boiler  with  the  steam-chest  on  the 
engine;  the  circulating  suction-pipe,  connecting  the  main  kingston-valve 
with  the  bottom  of  the  circulating-pump;  the  circulating  discharge-pipe,  con- 
necting the  discharge  branch  of  the  condensor  with  the  main  discharge-valve 
in  the  ship's  side ;  the  air-pump  suction,  connecting  the  exhaust  steam  com- 
partment of  the  condenser  with  the  bottom  of  the  air-pump;  the  main 
exhaust-pipe,  connecting  the  exhaust  port  of  the  low  pressure  cylinder  with 
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the  condenser ;  the  feed  snction-pipey  connecting  the  hot-well  with  the  feed- 
pump; the  feed  discharg^pipe,  connecting  the  feed-pump  with  the  feed 
check-valves  on  the  boiler ;  the  bilge  suctioii,  connecting  a  strum  box  in  the 
bilge  with  the  bilge-pump ;  the  bilge  discharge-pipe,  connecting  the  bilge- 
pumps  with  the  bilge  discharge- valves  in  the  ship's  side ;  the  sonm-pipe, 
oonnectiDg  the  scum-cocks  on  the  boiler  with  the  blow-off  kingston  on  the 
skin  of  the  ship ;  the  blow-off  pipe,  connecting  the  blow-off  cocks  on  the 
boilerjSy  likewise  with  the  blow-off  kingston  on  the  skin  of  the  ship. 

ISOa, — ^Name  any  connections  between  the  donkey  and  other  parts  of  the 
engines  of  the  ship. 

A. — Steam-pipe  from,  and  feed-pipe  to,  the  main  boiler ;  pipe  from  the 
sea  for  the  feed ;  one  from  the  bilge,  so  that  the  donkey  can  pump  the  ship 
out  in  case  of  leak ;  one  on  the  water  ballast  tanks  for  pumping  them  out ; 
and  one  to  the  surface  condenser  to  keep  the  water  circulating  when  the 
main  engines  are  stopped  for  a  short  time. 

120b. — ^Name  any  pipes  that  lead  from  or  go  to  the  sea. 

A. — Blow-off  pipe,  donkey  feed  suction-pipe,  sea  injection-pipe,  and  dis- 
charge pipe. 

121. — ^The  iigection  water,  on  its  way  frt)m  the  sea  injection  rose-plate, 
passes  to  the  water  space  of  the  boilers,  first  through  the  main  kingston- 
valve  on  the  ship's  side,  then  along  the  injection-pipe  through  the  injection- 
cock  into  the  condenser,  from  which  it  is  taken  by  the  feed-pump,  passing 
through  the  pump-valve  and  pump  chamber,  through  the  bucket-valve  and 
discharge-valve  into  the  hot-weU,  then  through  the  feed  suction-valves,  pump 
barrel,  feed  discharge-valve,  along  the  feed-pipes,  and  through  the  feed- 
valve  chest  on  the  boiler,  thence  down  a  pipe  inside  of  the  boiler  leading  to 
the  water  space. 

122.— The  circulating  water  of  a  surhoe  condenser  passes  first  of  all 
through  the  main  kingston-valve  on  the  bottom  of  the  ship,  along  the  circu- 
lating suction-pipe  to  the  bottom  of  the  circulating  pump,  through  the  circu- 
lating pump  and  circulating  discharge  pipe  to  the  condenser,  passing  amongst 
or  through  the  tubes  of  the  condenser,  circulating  twice  or  thrice  as  the  case 
may  be,  then  along  the  main  discharge-pipe,  through  the  discharge-valve, 
and  BO  again  into  the  sea. 

128. — The  steam,  from  the  time  it  leaves  the  boiler  until  it  is  in  the 
form  of  water  in  the  hot-well,  passes  first  through  the  superheater,  then 
the  main  steam  stop-valve  steam-pipe,  the  regulating  and  throttle-valves, 
steam-chest,  steam-port,  into  cylinder,  return  through  steam-port,  through 
inside  of  slide-valve,  exhaust  port  and  exhaust  passage,  condenser,  air-pump, 
foot-valve,  bucket,  chamber  and  head-valve  into  the  hot-well.  If  a  jet 
condenser,  part  goes  into  the  sea  through  the  discharge  pipe,  past  the  stop 
or  sluice  valve. 
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124. — The  pieces  of  the  engine  through  which  the  preagnre  of  the  steam  is 
transmitted  from  the  piston  to  the  screw  propeller,  and  the  order  in  which 
they  take  the  strain,  are  as  follows  : — The  piston,  the  piston-rod,  piston-rod 
gudgeon,  connecting-rod,  crank-pin,  crank-shaft,  crank-shaft  couplings,  inter- 
mediate shafting  and  couplings  to  screw-shafb  and  propeller. 

126. — ^An  air  vessel  is  a  pipe  or  chamber  containing  air,  fitted  to  the  upper 
side  of  pump-valve  boxes  or  discharge  pipe.  The  discharge  water  from  the 
pump  compresses  the  air  contained  in  the  vessel  during  the  pump's  delivery, 
and  fills  part  of  the  vessel.  During  the  suction  stroke  in  a  single-acting 
pump,  or  that  part  of  the  stroke  when  the  motion  of  the  bucket  is  slow  in  a 
double-acting  pump,  the  compressed  air  in  the  vessel  reacts  on  the  water 
inside  of  it  and  discharges  it ;  it  thus  keeps  the  discharge  more  constant  than 
it  would  be  without  it.  By  the  use  of  an  air  vessel  in  a  single-acting  pump 
the  size  of  the  discharge  pipe  may  be  reduced,  for  since  it  extends  the 
duration  of  the  discharge  over  double  the  time,  its  greatest  velocity  would  be 
reduced  by  about  one  half.  The  parts  of  an  engine  or  its  fittings  where  air 
vessels  are  generally  applied  are  the  discharge  pipes  of  air,  feed,  and 
circulating  pumps. 

126. — ^A  mud  box  is  a  cast  iron  box  of  oblong  form,  fitted  with  a  hinged 
lid  that  can  be  readily  opened,  but  which  will  be  quite  air-tight  when  dosed ; 
the  box  is  divided  into  two  compartments  by  a  loose  division  plate,  which  is 
perforated  with  small  holes,  to  allow  of  the  water  passing  through,  but  no 
obstruction  in  the  shape  of  pieces  of  wood  or  small  coal  can  get  through  and 
probably  choke  the  valves  of  the  pump,  as  these  collect  in  that  half  of  the 
box  in  direct  communication  with  the  bilge,  and  the  mud  box  being  generally 
placed  upon  the  engine  room  floor,  they  can  be  readily  removed  by  the 
engineer  on  duty. 

127. — A  trunk  engine  has  a  hollow  cylindrical  casing  or  '^tnmk''  fastened 
to  the  upper  face  of  the  piston ;  this  casing  passes  steam  tight  through  and 
works  in  stuffing  boxes  at  both  ends  of  the  cylinder,  in  the  same  manner  as 
the  piston-rod  of  an  ordinary  engine.  The  lower  end  of  the  connecting-rod 
descends  through  the  hollow  trunk  to  the  upper  side  of  the  piston,  to  which 
it  is  attached  by  a  pin  or  gudgeon  at  its  centre  in  the  direction  of  its  length, 
the  top  of  the  connecting-rod  being  connected,  as  usual,  with  the  crank-pin. 
Its  internal  diameter  is  such  as  must  allow  of  the  necessary  vibration  of  the 
connecting-rod.  Its  object  is  to  reduce  the  distance  between  the  centres  of 
the  crank-shaft  and  the  cylinder,  still  retaining  a  good  length  of  connecting- 
rod.  They  should  be  placed  on  the  starboard  side.  When  they  are  so 
placed,  the  oblique  strain  of  the  connecting-rod  will  tend  to  lift  the  piston 
from  the  bottom  of  the  cylinder,  and  thus  neutralize,  in  some  measure,  the 
effect  of  the  weight  of  the  piston  and  trunk,  which  would  wear  the  cylinder 
oval. 
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128. — ^An  otoillating  engine  is  one  in  which  the  cylinder  is  mounted  on 
gudgeons  or  tronnions,  generally  near  the  middle  of  its  length,  on  which  it 
is  capable  of  swaying  to  and  fro  through  a  small  arc  so  as  to  enable  the 
piston  to  follow  the  moyement  of  the  crank,  to  which  it  is  directly  attached 
without  the  intervention  of  a  connecting-rod.  The  piston-rod  thus  fulfils 
both  the  functions  of  piston  and  connecting-rod.  This  construction  is  very 
advantageous  in  point  of  economy  of  space  and  weight.  The  trunnions  are 
hollow,  and  are  connected  by  steam-tight  joints,  one  with  a  steam  pipe  leading 
from  the  boiler,  the  other  with  an  exhaust  pipe.  The  valve  chest  oscillates 
with  the  cylinder.  Paddle  steamers  generally.  Since  they  have  no  separate 
connecting-rod,  a  low  engine  may  be  constructed  with  a  good  length  of  stroke. 
Through  the  trunnions,  which  are  made  hollow  for  that  purpose. 

129. — ^The  yalve  motion  gear  of  an  oscillating  engine  consists  of  the 
eccentric  or  link  motion  attached  in  the  usual  way,  while  various  arrange- 
ments are  used  to  adapt  the  valve  gearing  to  the  oscillating  motion  of  the 
cylinder  and  valve  chest ;  one  of  the  simplest  being  to  communicate  motion 
from  the  eccentric  to  a  sliding-rod,  on  which  is  a  cross-head  of  the  form  of 
an  arc  of  a  circle  described  about  the  axis  of  the  trunnions  when  the  valve  is 
in  its  middle  position,  and  having  in  it  a  slot  of  the  same  fig^ure ;  in  that  slot 
is  a  slider  attached  to  the  end  of  a  lever  and  projecting  from  a  rocking  shaft 
carried  by  the  cylinder ;  another  arm  projecting  fi*om  that  shaft  moves  the 
slide-valve  rod. 

129a. — ^Why  is  the  stufi&ng-box  deeper  in  these  engines  than  in  those  fitted 
to  ordinary  cylinders? 

A. — ^There  is  much  tendency  in  the  stuffing-box  to  wear  oval,  and  hence  it 
is  made  of  great  depth. 

130. — Ck)ared  engines  are  sometimes  used  for  screw  propulsion — the  gear- 
ing is  introduced  to  increase  the  number  of  revolutions  of  the  shaft,  and  thus 
enable  the  screw  to  make  revolutions  enough  without  giving  undue  velocity 
to  the  piston.  The  cogs  of  the  large  wheel  are  made  of  hard  wood,  such  as 
crab  tree,  horn  beam,  live  oak,  or  beech. 

181. — ^The  part  of  a  screw  steamer  that  the  pressure  which  propels  it  is 
applied  to  the  hull  is  at  the  thrust  block,  or  the  engine  keelson,  generally 
amidships. 

132. — ^The  part  of  a  paddle  steamer  that  the  pressure  which  propels  it  is 
applied  to  the  hull  is  at  the  paddle  beams  and  bed-plates,  the  engines  being 
firmly  attached  to  both. 

183. — The  fuel  per  indicated  horse-power  per  hour  required  by  modem 
compound  engines  is  from  r}  lb.  to  3  lbs.,  and  by  conmion  condensing  engines 
from  3  lbs.  to  5  lbs. 

131. — In  a  sur£EU)e  condensing  engine  the  air-pump  has  merely  to  pump 
the  condensed  steam  and  unoondensed  vapour  from  the  condenser ;  in  a  jet 
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condensing  engine  it  has,  besides  this,  to  withdraw  the  condensing  water; 
thus  with  a  surface  condenser  the  air-pump  may  be  made  much  smaller  than 
iu  a  jet  condenser.  Now  since  the  air-pump  works  against  the  pressure  of 
the  atmosphere,  the  smaller  it  can  be  made  the  less  energy  will  it  absorb  to 
drive  it,  and  since,  then,  it  can  be  made  smaller  in  the  case  of  a  surface  con- 
densing than  in  a  jet  condensing  engine,  that  engine  must  be  the  more 
economical  of  the  two.  It  abo  allows  the  boiler  to  be  supplied  with  water 
comparatively  free  from  salt,  and  at  a  high  temperature. 

136. — ^A  surfetce  oondenser  consists  of  a  box  or  chest  through  which  are 
carried  tubes.  At  each  end  there  is  a  compartment  or  chamber  with  doors 
which  are  open  to  the  tubes.  In  some  surface  condensers  the  water  flows 
through  the  tubes  while  the  steam  exhausts  in  among  them ;  in  other  cases 
the  steam  exhausts  into  the  tubes  while  the  water  flows  through  amongst 
them  in  the  central  part  of  the  condenser.  The  tubes  are  made  of  brass. 
They  are  fixed  in  various  ways.  At  the  end  of  the  condensers,  and  forming 
the  division  between  the  centre  in  which  the  steam  is  condensed  and  the 
chambers  through  which  the  water  flows,  are  placed  plates  made  variously 
of  cast  iron  or  brass  through  which  the  tubes  pass.  In  some  instances  the 
tubes  are  fastened  into  this  by  means  of  wooden  ferrules  being  driven  in 
between  the  tube  and  the  plate — the  holes  in  the  plate  being  left  clear  of  the 
tubes  for  that  purpose.  They  may  be  fastened  by  means  of  india  rubber 
ferrules  which  are  put  over  the  tube  ends  and  into  recesses  in  the  tube  plates. 
They  may  also  be  fastened  by  allowing  each  tube  end  to  pass  through  a 
stuffing-box  and  gland  in  the  tube  plate.  The  packing  round  the  tubes 
which  fastens  them  to  the  tube  plate  serves  to  keep  them  tight.  It  is  plugged 
up  at  both  ends  until  it  can  be  taken  out  and  renewed. 

186. — They  foul  from  grease  on  the  steam  side  and  from  deposits  of  saline 
matter  on  the  water  side.  The  latter  occur  to  a  considerable  extent  if  the 
condenser  is  worked  at  a  high  temperature.  By  injecting  soda  into  the 
condenser  with  the  exhaust  steam,  and  by  having  a  door  on  a  convenient 
part  of  the  condenser  which  may  be  removed  and  a  hose  allowed  to  play 
upon  the  tubes. 

KoTB. — The  manner  of  cleansing  the  tabes  from  grease  depends  upon  the  circnlation  of 
the  steam.  Care  must  be  observed  whether  the  detergent  is  steam,  caustic  potash,  or  simply 
sea  water  through  the  medium  of  the  jet  injection.  With  the  first,  if  the  wood  fermles  are 
fitted,  and  the  condenser  is  allowed  to  get  too  hot,  they  become  charred  and  drop  oat|  or 
this  may  happen  if  the  ferruL  s  are  allowed  to  get  dry.  Potash  attacks  the  packing  of 
glands.  India  rubber  is  destroyed  if  too  high  a  temperature  is  maintained  in  the  condenser. 
It  is  an  essential  question  for  the  engineer  to  decide  what  temperature  of  condenser  gives 
the  most  economical  results.  A  higher  vacuum  in  many  engines  can  be  obtained  by  working 
the  condenser  at  a  lower  temperature,  and  so  lowering  the  temperature  of  feed  water  entering 
the  boilers. 

187. — The  non-oonduoting  substances  employed  to  prevent  radiation  are 
ty  sawdust,  and  a  cement  spedally  prepared,  made  up  of  jute,  flax  or  wool 
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ohoppingSy  or  fire-clay.  The  general  mode  of  applying  it  is  to  put  on  about 
two  or  three  inches  of  the  cement,  then  a  layer  of  hair  felt,  and  cover  the 
whole  with  wood,  canvas,  orpaint. 

188. — In  the  construction  of  smoke-box  doors  and  dry  uptakes  provision  is 
made  to  lessen  the  amount  of  radiation  by  having  an  extra  thickness  of  plate 
fastened  at  about  three  inches  from  the  uptake  all  round,  which  allows  the 
air  to  circulate  freely  aroimd  them. 

189. — The  formation  of  black  smoke  can  be  prevented  by  careful  firing, 
and  introducing  more  air  into  the  furnace,  or  by  a  jet  of  dry  steam  let  in 
horizontally  above  the  dead  plates.  Smoke  preventing  apparatus,  as  applied 
to  furnaces  of  marine  boilers,  generally  consists  of  some  method  whereby  a 
jet  of  air  may  be  introduced,  so  as  to  unite  with  the  heated  products  of  the 
furnace  behind  the  bridge. 

140. — By  circulation  in  a  boiler  is  meant  the  motion  imparted  to  the  water 
in  contact  with  the  furnaces  and  other  hot  surfaces.  The  water  expands  on 
being  heated,  it  becomes  lighter  and  rises  to  the  top ;  in  turn  it  gets  heavy 
and  comes  down  again  with  other  cool  particles,  which  stream  in  from  the 
sides  to  supply  the  place  of  the  axial  upward  currents,  and  this  going  on 
continually,  causes  the  whole  water  to  be  constantly  circulating,  or  in  motion. 
The  results  of  defective  circulation  are  unequal  expansion  of  the  boiler, 
salting  up,  exposed  plates  getting  burnt  through,  besides  decreasing  the 
evaporation. 

141. — ^The  means  sometimes  adopted  to  improve  the  oirculation  in  a  boiler 
is  by  circulating  tubes  put  through  the  furnaces,  either  vertical  or  inclined, 
with  a  view  to  separate  the  descending  from  the  ascending  currents. 

142.— The  arrangements  for  promoting  circulation  in  a  haystack  boiler  is 
by  cutting  cross  tubes  in  the  flame-box. 

143. — A  ship's  side  air-pump  discharge-valve  is  an  ordinary  mitred  valve 
in  the  usual  case.  There  is  generally  a  spindle  connected  with  the  valve  and 
carried  through  a  gland  in  the  cover  and  a  weight  placed  upon  the  valve,  so 
that  its  tendency  is  to  keep  shut.  When  discharging,  the  air  or  water  is 
forced  throng)  l  the  valve,  which,  as  soon  as  the  discharge  is  completed,  shuts 
of  its  own  accord.  Sometimes  the  spindle  has  attached  to  it  the  means  of 
either  keeping  the  valve  permanently  open  or  closed.  It  differs  from  a 
stop- valve  in  not  having  a  screw  lift  and  being  weighted.  It  requires 
attention  to  see  that  it  does  not  stick  fast  open  and  allow  a  return  of  salt 
water  down  the  feed-pipe  and  into  the  hot-well. 

144. — The  construction  of  a  feed  escape-valve  is  that  of  an  ordinary  mitre 
valve,  loaded  directly  with  a  helical  spring  of  a  square  or  round  suction. 
The  discharge  may  be  connected  to  the  hot-well  or  suction  pipe,  or  allowed 
to  go  to  the  bilge.  By  compressing  the  spring.  To  effect  this  there  is  at 
each  end  of  the  spring  a  screw,  between  them  is  a  oroas-head  which  reoeives 
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the  thrust  of  the  spring  and  is  transferred  by  it  to  the  screw.  By  adjusting 
the  nut  on  the  screw  the  pressure  on  the  valves  may  be  increased  or 
diminished. 

146. — When  there  is  no  feed  escape-valve  fitted  to  the  feed-pump,  there 
is  usually  a  suction  cock  or  valve  on  the  hot-well|  and  a  check-valve  on  the 
boiler,  which  is  not  fitted  with  an  adjusting  screw.  There  must  not  be  a 
cock  placed  between  the  deliveiy  of  the  pump  and  the  boiler. 

146. — The  measure  of  a  horse-power  is  a  working  force  that  will  raise 
33,000  lbs.  one  foot  high  in  one  minute,  or  it  may  be  defined  as  33,000  foot 
pounds  fit  one  minute.  Indicated  horse-power  (I.H.P.)  is  ascertained  from 
diagrams  taken  with  the  indicator  from  the  top  and  bottom  of  the  cylinders 
of  the  engines  when  at  work.  The  mean  or  average  pressure  during  the 
stroke  having  been  ascertained  from  the  ^'Indicator  Diagram,"  the  calcula- 
tion of  the  indicated  horse-power  is  as  follows : — 

area  of  piston  in  inches  x  mean  pressure  per  square  inch  X  speed 

of  piston  in  feet  per  minute. 

I.H.P.  =  j^^ 

147. — ^The  nominal  horse-power  is  generally  fixed  by  the  area  of  the 
piston,  without  any  reference  to  the  speed  of  the  piston,  or  the  pressure,  and 
has  really  no  definite  meaning,  because  there  is  no  fixed  area  per  horse  in 
general  use — ^nearly  every  manufacturer  has  his  own  particular  measure. 
Its  use  is  only  as  a  conmiercial  expression  for  the  sizes  and  capabilities  of 
engines. 

148. — Back  pressure  in  the  cylinder  is  the  pressure  on  the  piston  at  the 
side  opposite  to  the  steam.  In  a  low  pressure  cylinder  it  is  the  difference 
between  the  indication  of  the  vacuum  gauge  and  a  perfect  vacuum.  Its 
amount  is  generally  about  3  lbs.  per  square  inch  of  piston  area. 

148. — By  speed  of  piston  is  meant  the  number  of  feet  passed  through  by 
the  piston  in  one  minute,  and  is  the  measure  of  the  revolutions  per  minute 
X  twice  tho  length  of  stroke  in  feet.  In  modem  marine  engines  the  speed 
of  piston  is  about  250  '•  stroke  in  feet. 

160.— Atmospheric  pressure  is  the  pressure  exerted  by  the  weight  of  the 
atmosphere  at  the  sea  level.  Its  average  amount  is  about  14*7  lbs.  per 
square  inch.    It  is  measured  by  the  barometer. 

161. — Oross,  or  absolute  pressure  is  the  pressure  per  square  inch  above  a 
perfect  vacuum ;  that  is  to  say,  it  is  the  pressure  above  the  atmosphere  with 
14*7  lbs.  added.  The  pressure  that  is  shown  by  the  steam  gauge  is  only  the 
procure  above  the  atmospheric  pressure. 

162. — By  cutting  off  steam  is  meant  shutting  off  the  supply  of  steam  to 
the  cylinder  before  the  piston  has  completed  its  stroke.  It  is  done  by 
arranging  the  valve  so  that  when  at  half-stroke  it  overlaps  the  ports ;  or  by 
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an  independent  expansion  yalve.    The  part  of  the  valve  that  regulated  th^ 

cut-off  is  the  outer  edge  or  lap. 

153. —The  time  of  exhausting  is  fixed  by  the  inside  edge  of  the  slide-valve 
and  the  angle  of  the  eooentrie  on  the  shaft.  This  angle  depends  upon  tiMi 
lap  or  cut-off,  and  the  lead  of  the  valve.  The  exhausting  depends  oa  ib» 
inside  edge. 

164. —The  time  of  closing  the  exhaust  is  fixed  by  the  amount  of  lap  Chere 
may  be  on  the  exhaust  side  of  the  valve.  After  the  exhatist  is  shiiti  alid 
before  the  port  opens  for  steam,  the  steam  that  is  in  the  iDylizider  is  oomprflssbd 
and  cushions  the  piston  at  the  end  of  the  stroke. 

166.— The  lead  of  the  valve  is  the  amount  which  the  port  of  fho  valvi^  !• 
open  for  steam  when  the  piston  is  at  the  beginning  of  its  stroke.  I^  dbjeoi 
is  that  the  piston  may  begin  its  stroke  with  a  pressure.  The  amount  of  leik4 
varies  from  -j^  to  |  of  an  inch. 

166.— The  cover  or  lap  of  the  valve  is  the  amotml  #hMi  di^  t^A^e  of  the 
valve  overlaps  the  steam  port  when  the  valve  is  at  half-stroke.  Its  bfcjeet  U 
to  cut  off  the  supply  of  steam  to  the  cylinder  before  the  piston  hn^  eompleled 
its  stroke.  Its  proportion  to  the  travel  of  the  valve  depends  upon  file  ont-off 
required.  To  cut  off  at  the  parts  i  stroke,  f  stroke,  and  i  sttoke,  th6  la^ 
must  be  '354,  '305,  and  't$  of  the  valve  stroke  respectively — ^neglecting  lead^ 
If  lead  is  taken  into  account  i  the  lead  must  be  subtraoted  from  tke  lap  fi^4&d 
by  the  above. 

167. — By  exhaust  cover  or  exhaust  is  the  amount  which  oni^  insida  edgn 
of  the  slide-valve  covers  the  steam  port  when  the  valve  is  at  half-atrokeu  It 
delays  the  period  of  exhaust  and  increases  the  amount  of  oushioiiing. 

168. — It  is  the  amount  which  one  inside  edge  of  ih6  did^valve  is  ciMr  ol 
the  steam  port  edge,  or  the  amount  of  opening  which  one  stestti  port  htd  le 
the  exhaust  when  the  valve  is  at  half-stroke.  It  haptens  the  period  of 
exhaust  and  decreases  the  amount  of  cushioning. 

169. — Cushioning  or  compression  is  the  "shutting  up"  of  the  stiMun  iii  thd 
clearance  space  and  port  on  the  retum  stroke  of  the  pistoni  the  elasttofti^  of 
such  compressed  steam  acting  as  a  kind  of  cushion  (hence  the  name)  §w  the 
piston  at  each  end  of  the  stroke,  and  thus  taking  off  the  heavy  knook  thai 
otherwise  would  take  place  in  the  cylinder.  Cushioning  (as  explained  ia 
1 57)  is  increased  by  cover  on  the  exhaust  port  of  the  valve,  or  diminished  bf 
minus  cover  on  the  steam  side  of  the  valve  (see  No.  158). 

160. — Mean  effective  pressure  is  a  constant  pressure,  whose  eflbet  doriitg 
the  stroke  would  be  the  same  as  that  of  the  variable  pressure  of  the  eylisder. 
Its  amount  is  found  by  ascertaining  the  mean  width  of  an  indicator  diagram. 

161.— A  dial  vaeuua  gauge  on  Bourdon's  prinoipley  i^  aa  kistmment  lilliBh 
indicates  the  diffnenoe  of  preesnre  in  the  oondenaor  a&d  atmoapheiiD  piieaiiui, 
xxz 
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It  consists  of  a  case  about  7  inches  diameter,  with  a  dial  plate  in  front. 
Inside  the  case,  and  communicating  with  the  condenser  by  means  of  pipes, 
is  a  bent  hollow  tube,  oval  in  section,  the  other  end  of  which  is  closed  air- 
tight, pointed  off  and  attached  to  a  sector  which  works  into  a  small  pinion, 
the  spindle  of  which  carries  a  pointer  working  against  the  dial  in  front. 
Its  construction,  as  just  described,  is  the  same  as  the  steam  gauge.  In  the 
steam  gauge  the  pressure  of  the  steam  within  the  tube  tends  to  straighten  it ; 
in  the  vacuum  gauge  the  pressure  of  the  atmosphere  outside  of  it  tends  to 
compress  or  bend  it  (the  arrangement  of  gearing  being  accordingly  reversed), 
and  thus  move  the  pointer,  which  indicates  the  amount  of  exhaust  or  vacuum 
on  the  dial  plate.    When  the  engine  is  working  all  right  the  vacuiun  will  be 

c 

from  25  to  28  inches  (usual  working  vacuiun  25  to  26  inches).  Its  variations 
indicate  an  increase  or  decrease  of  the  back  pressure  on  the  piston,  which 
decreases  or  increases  respectively  the  I.H.P. 

.  16S. — ^The  yaouum  gauge  does  not  of  itself  tell  what  pressure  there  is  in 
the  condenser ;  recourse  also  must  be  had  to  the  barometer.  To  ascertain  the 
actual  amount  of  back  pressure  there  is  in  the  condenser,  take  the  difference 
between  the  indications  of  the  vacuum  gauge  and  that  of  the  barometer; 
thus : — ^Vacuiun  by  vacuum  gauge,  26^  in. ;  vacuum,  by  barometer,  30  in. ; 
therefore,  30  in.  —  26^  in.  =  3^  in.,  or  1}  lbs.  per  square  inch. 

'  168. — A  Barometer  is  an  instrument  by  means  of  which  the  pressure  of  the 
atmosphere  is  ascertained.  It  consists  of  a  graduated  tube  of  glass,  about 
30  inches  long,  hermetioally  sealed  at  one  end,  which  has  been  filled  with 
mercury  and  inverted  with  its  open  end  in  a  cup  of  the  same  metal.  A 
species  of  barometer  is  sometimes  used  as  a  vacuum  gauge.  The  upper  end 
of  the  tube  in  the  vacuum  gauge  is  connected  by  a  pipe  to  the  condenser. 
Instead  of  a  cup  the  glass  tube  may  be  bent  up  again,  and  this  serves  as  a 
receptacle  for  the  mercuiy  when  it  falls ;  in  such  an  one  an  inch  rise  or  fall 
must  be  read  as  about  double  the  gain  or  loss  when  compared  with  an  inch 
of  the  other. 

164. — ^The  graduations  in  the  common  steam-gauge  and  the  common 
vacuum  gauge  are  both  marked  from  atmospheric  pressure;  the  one  upwards, 
the  other  downwards.  The  steam-gauge  indicates  the  pressure  above  the 
atmosphere,  and  requires  the  pressure  of  the  atmosphere,  as  shown  by  the 
barometer,  to  be  added  in  order  to  tell  us  what  is  the  actual  pressure  in  the 
boiler.  The  vacuum  gauge  indicates  the  pressure  below  the  atmosphere, 
i.e.f  so  many  lbs.  below  the  atmospheric  pressure. 

NoTi. — The  indicationfl  of  the  yaouum-gauge  gives  us  directly  the  amount  of  the  atmos. 
pheric  pressure  which  is  allowed  to  act  per  square  inch  on  the  piston. 

166. — ^If  the  steam-gauge  shows  60  lbs.  per  square  inch,  the  vacuum  gauge 
10  lbs.  on  the  square  inch,  and  the  weather  barometer  equab  15  lbs.  on  the 
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Bqnare  inch,  the  difPerenoe  between  the  pressure  in  the  condenser  and  the 
pressure  in  the  boiler  will  be  70  lbs. ;  thus : — Total  pressure  of  steam  60  + 
15  =  75  lbs.,  difference  between  the  barometer  and  condenser  15  —  10  =: 
5  lbs. ;  therefore,  75  lbs.  —  ^  lbs.  =  70  lbs.,  the  difference  between  the 
pressure  in  the  condenser  and  that  in  the  boiler. 

168. — ^Vacuum  is  generally  stated  as  so  many  inches,  because  the  gauges 
are  graduated  to  correspond  with  a  column  of  mercury  30  inches  high,  which 
balances  the  weight  of  the  atmosphere,  and  is  equal  to  14*7  lbs.,  or  nearly 
1 5  lbs.  per  square  inch  at  the  level  of  the  sea ;  so  that  by  20  inches  vacuum 
is  meant  that  the  pressure  of  the  atmosphere  above  the  pressure  in  the  con- 
denser will  support  a  column  of  mercury  of  20  inches  vertical  height.  It 
tells  us  that  the  pressure  of  the  vapour  in  the  condenser  is  equal  to  the 
difiference  between  the  indications  of  the  barometer  and  the  vacuum  gauge ; 
thus,  if  the  former  stands  at  30  inches  =  1 9  lbs.,  and  there  is  20  inches 
vacuum  =  10  lbs.,  then  the  pressure  of  the  vapour  in  the  condenser  is  1 5  lbs. 
—  10  lbs.  =  5  lbs. 

167. — ^There  is  a  limit  &om  which  a  common  pump  will  draw  water ;  that 
limit  is  about  32  feet.  The  reason  of  it  is  that  the  atmospheric  pressure  will 
not  support  a  column  of  water  of  a  weight  greater  than  its  own.  .  This  weight 
is  attained,  about  1 5  lbs.  per  square  inch,  by  a  column  of  water  32  feet  high. 
But  from  various  causes,  such  as  imperfect  exhaustion  of  air  above  the  water 
in  the  pump,  the  friction  of  water  on  the  sides  of  the  pipes,  and  the  opening 
of  the  valves,  26  feet  is  about  the  greatest  practical  height  it  is  possible  to 
draw  water  by  a  common  pump. 

168. — ^Vacuum  means,  properly  speaking,  vacancy.  CSommonly  amongst 
eng^eers  vacuum  is  spoken  of  as  an  absence  of  pressure ;  the  one  definition 
includes  the  other.  A  vacuum  cannot  work  an  engine :  atmospheric  pressure, 
however,  can  do  so  when  it  is  allowed  to  exert  itself  upon  the  piston  through 
a  vacuum  being  produced  on  one  side.  When  the  temperature  of  the  water 
in  the  condenser  is  2 1 2°,  there  can  be  no  vacuum  in  the  condenser,  as  that 
temperature  is  the  boiling  point  of  water  at  the  atmospheric  pressure,  and 
ebullition  would  follow  the  slightest  attempt  to  create  a  vacuum. 

169. — A  thermometer  is  an  instrument  by  means  of  which  the  temperature 
or  hotness  of  bodies  is  measured.  The  mercurial  thermometer  consists  of 
a  glass  tube  of  very  fine  bore,  having  a  bulb  of  thin  glass  at  one  extremity, 
and  dosed  at  the  other.  The  bulb  and  part  of  the  tube  contains  mercury ; 
the  rest  of  the  tube  is  a  vacuum,  and  affords  space  for  the  expansion  of  the 
liquid.  A  graduated  scale  is  attached  to  the  tube  to  indicate  the  expansion 
of  the  mercury — the  graduation  of  the  instrument  being  effected  in  the 
following  manner: — Two  invariable  or  fixed  points  are  selected,  viz.,  the 
Jr&eging  point  and  the  hailing  point  of  water  at  the  sea  level,  and  under  the 
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mean  prefigure  of  the  atmospliere.  The  former  point  is  obtained  by  plunging 
the  tube  into  melting  ioe,  when  the  column  gradually  sinksi  and  eventually 
oomee  to  rest ;  the  lowest  level  of  the  mercury  is  then  marked  off  on  the  scale 
attached  to  the  tube.  The  latter  point  is  determined  by  placing  the  instru- 
ment in  the  steam  escaping  &om  boiling  water ;  this  being  done,  the  mercury 
rises  and  finally  settles  at  a  certain  height — the  highest  level  attained  is 
marked  off  as  before.  The  space  between  these  two  fixed  points  thus  deter- 
mined is  divided  into  a  number  of  equal  and  arbitrary  parts,  and  the 
instrument  receives  different  names  according  to  the  niunber  of  equal  parts 
into  which  it  is  divided.  Thus,  if  the  freezing  point  be  called  32%  and  the 
boiling  point  212^,  giving  180  equal  divisions  between  these  points,  it  is 
called  t^ahrenheit's,  and  is  the  one  commonly  used  in  England ;  if  the  space 
is  divided  into  100  equal  parts,  and  the  freesang  point  be  called  0°,  it  is  called 
a  Centigrade  thermometer ;  and  if,  again,  the  fireeidng  point  be  called  0°  and 
boiling  point  80^,  it  is  called  Beaumer's  thermometer.  The  graduations  in 
evexy  case  are  carried  up  and  down  the  scale  as  far  as  the  tube  of  the 
thermometer  extends.  The  principle  upon  which  its  construction  depends  is, 
tiiat  wlthiil  certain  limits  bodies  expand  or  contract  with  the  increase  or 
fltoreaHe  of  the  degree  of  temperature  to  which  they  are  subject.  The 
thermoid^teris  used  by  marine  engineers  to  ascertain  the  temperature,  and 
from  thence  the  density  or  saturation  of  the  water  in  the  boiler. 

iTd.— The  temperature  of  melting  ice  is  32*  on  Fahrenheit's  scale  for 
fliermometers,  which  is  the  one  in  general  use  in  this  country.  The 
temperature  of  boiling  water  at  atmospheric  pressure  =  212°  Fahr.  Steam 
at  60  lbs.  pressure  by  the  steam  gauge  =  311°  Fahr.  Steam  of  the  same 
Inretenre,  but  superheated,  may  probably  be  ==  say  3 1 8^  Fahr.  The  smoke 
geneHdly  passes  up  the  funnel  at  a  temperature  of  about  500°  Fahr.  A 
temperature  of  600^  in  the  heated  gases  passing  up  the  chimney  give  the 
most  efficient  draught.  The  temperature  of  water  in  the  hot- well  from  100^ 
to  1 20^  Fahr. 

Heat  travels  from  point  to  point  in  space  in  three  ways:  (i)  by  con- 
duotioii ;  (2)  by  convection ;  (3)  by  emanation  or  radiation. 

171. — By  oonduotion  of  heat  is  meant  the  flow  of  heat  through  an  un- 
equally heated  body  from  places  of  higher  to  places  of  lower  temperature ; 
•r  oonduotion  may  be  defined  to  be  the  transfer  of  heat  between  two  bodies, 
or  parts  of  a  body,  which  touch  each  other.  It  is  distinguished  into  internal 
and  external  oonduotion,  according  as  it  takes  place  between  the  parts  of  one 
oontiauous  body,  or  throtigh  the  surface  of  contact  of  a  pair  of  distinct  bodies. 
When  the  end  of  a  metal  bar  is  heated,  a  certain  increase  of  temperature  is 
presently  observed  along  the  bar ;  when  the  heat  is  transmitted  in  the  mass 
of  the  body  itself,  as  in  this  case,  it  is  said  to  be  conducted.  Another  example 
of  Qonduction  is  the  heating  of  the  water  in  the  boiler,  from  the  heat  being 
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conducted  to  the  water  through  the  partioles  in  the  plate  betweeui  and  in  the 
engine  by  the  steam  jacket  that  often  surrounds  the  cylinder  to  replace  the 
heat  lost  by  condensation.  Bodies  conduct  heat  with  different  degrees  of 
facility.  Oood  conductors  are  those  which  readily  transmit  the  heat,  such 
as  the  metals,  while  bad  conductors,  to  which  class  belong  the  resins,  glass, 
wood,  and  more  especially  liquids  and  gases,  offer  a  greater  or  less  resistance 
to  the  transmission  of  heat.  A  knowledge  of  the  difference  in  the  conducting 
powers  of  substances  will  teach  an  engineer  on  which  to  bed  or  surround  his 
boilers,  so  that  the  least  possible  heat  may  be  conducted  out  of  it ;  also  steam 
cylinders  and  steam  pipes  are  frequently  coated  with  felt  or  wood,  because 
they  are  bad  conductors.  As  an  instance  of  the  bad  conducting  property  of 
water,  it  may  be  mentioned,  that  when  steam  is  first  raised  in  a  boiler,  the 
hand  may  be  applied  to  the  lower  part,  although  the  temperature  of  the 
water  be  240^  or  250°.  The  non-conducting  property  of  water  must  be  borne 
in  mind  in  the  construction  of  steam  boilers. 

178. — Conyection  or  carrying  of  heat  means  the  transfer  and  diffusion  of 
the  state  of  heat  by  means  of  the  motion  of  the  particles  of  that  mass. 
Liquids  and  gases  being  bad  conductors,  transmit  heat  by  conyection.  The 
water  in  a  boiler  is  heated  by  conyection,  which  may  be  explained  thus : — 
When  the  particles  of  water  in  immediate  contact  with  the  hot  plates  or  tubes 
become  heated,  which  causes  them  to  expand,  and  therefore  their  specific 
grayity  becomes  less  than  that  of  the  upper  strata ;  consequently,  a  displace- 
ment of  the  particles  ensues,  the  lighter  rise  to  the  surface  and  are  replaced 
by  the  heayier  ones,  which  in  their  turn  aroi  heated  and  are  replaced  by  the 
others,  and  so  by  this  process,  the  heat  from  the  surfiEice  haying  passed 
through  the  plate  is  conyeyed  throughout  the  general  mass.  Again,  this 
principle  explains  why  fires  in  boilers  should  be  applied  as  low  down  as 
possible ;  the  surfaces  exposed  to  the  fires  should  be  large,  and  there  should 
be  a  facility  for  the  heated  particles  to  rise  to  the  surface.  The  heat  from 
the  walls  of  the  steam  cylinder  is  conyeyed  to  the  condenser  by  conyection. 
The  draught  in  a  chinmey  is  also  an  illustration  of  the  principle  of  conyection, 
as  the  column  of  air  and  gases  in  the  chimney  being  at  a  higher  temperature 
than  an  equal  column  outside  the  chimney,  the  hot  air  column  is  pressed 
upwards  by  the  cold  air  column. 

178. — By  radiation  of  heat*  is  meant  the  heating  effects  produced  by  direct 
rays  from  a  hot  body,  for  as  a  bright  body  sends  out  rays  of  light  in  all 
directions,  in  straight  lines,  so  does  a  hot  body  send  out  rays  of  heat  in  all 
directions,  in  straight  lines.    Bodies  are  continually  radiating  heat.    A  body 

*  "  The  phraaes  radiation  of  heat  and  radiant  heat  are  not  qoite  scientifioally  correct,  and 
must  be  used  with  caution.  Heat  is  certainly  communicated  from  one  body  to  another  by 
a  prooees  which  we  call  radiation,  which  takes  place  in  the  region  between  the  two  bodies ; 
we  have  no  right,  however,  to  speak  of  this  process  of  radiatiqn  as  heat." — Thwry  of  Heat^ 
by  J.  Olbek  Maxwbll,  M.A. 
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in  the  neighbourhood  of  other  bodies  hotter  than  itself,  receives  more  heat 
than  it  gives  out,  and  in  consequence  rises  in  temperature.  From  this  it  will 
be  seen  that,  imless  the  radiation  from  a  hot  boiler  or  steam-pipe  is  prevented 
as  far  as  possible,  by  the  application  of  some  non-oonduoting  substance,  a 
great  loss  of  heat  will  take  place — all  the  surrounding  objects  being  at  so 
much  lower  a  temperature. 

174. — (i)  Heat  from  the  glowing  fuel  to  the  furnace  crowns  is  the  heat  of 
radiation.  (2)  Heat  passing  from  one  side  of  the  furnace  crown-plate  to  the 
other,  is  the  heat  of  conduction.  (3)  Heat  passing  from  the  steam-pipe  in 
the  engine  room  is  heat  by  radiation.  (4)  Heat  of  evaporation  is  the  heat 
of  convection. 

176.— The  efTeotive  heating  surfaces  in  a  marine  boiler  are  as  follows : — 
(i)  The  furnace  crown-plates  (taking  about  f  of  the  circumference  of  the 
furnaces,  (2)  the  flame-box  back  and  sides,  (3)  the  outside  surfaces  of  the 
tubes,  (4)  the  tube-plates  back  and  front,  with  the  areas  of  the  tubes  deducted. 
The  objection  to  vertical  heating  surfaces  is  that  the  flame,  heated  air,  and 
gases  having  a  strong  tendency  to  rise,  do  not  impinge  upon  a  vertical  heating 
surface  with  as  much  effect  as  a  horizontal  one. 

176. — The  parts  of  a  marine  engine  exposed  to  danger  when  the  tempera- 
ture is  below  freezing  point  are — all  pipes,  air-pump,  circulating,  feed,  and 
bilge-pumps:  in  other  words  all  the  parts  through  which  the  sea  water 
passes. 

177. — ^The  precautions  necessary  in  cold  climates  when  the  temperature  is 
below  freezing  point  is  to  keep  all  the  pipes  and  pumps  covered  to  keep  their 
temperature  as  high  as  possible,  and  the  water  within  them  to  be  kept 
constantly  in  motion,  or  if  obliged  to  stand,  it  is  necessary  to  draw  all  the 
water  out  of  them. 

178. — K  a  boiler  or  one  of  a  set  of  boilers  gets  short  of  water,  although 
the  feed- valve  is  open  its  proper  amount,  it  may  be  due  to  more  than  one 
cause.  The  first  and  most  probable  reason  would  be  that  the  boiler  was 
leaking  badly ;  another  reason  might  be  that  the  water  in  the  hot-well  is  too 
hot  to  be  drawn  into  the  suction-valve ;  or,  the  spring  of  the  escape-valve 
may  have  been  accidently  relieved  of  its  load,  thus  causing  all  the  water  to 
pass  through  it,  or  the  packing  at  the  feed-pimip  may  be  too  slack ;  or  again, 
in  a  set  of  boilers,  the  one  boiler  may  be  priming  into  another  and  so  get 
short  of  water. 

179. — Furnace  bars  are  usually  made  of  cast  iron,  about  i^  inch  thick  at 
the  top  to  ^  an  inch  at  bottom.  The  space  between  them  generally  runs 
about  ^  to  f  of  an  inch.  The  bars  are  put  farther  apart  for  Welsh  coal,  as 
it  contains  more  carbon,  and  consequently  requires  a  supply  of  more  oxygen 
or  air  for  combustion  than  Newcastle  coal. 


BUmmtofy  Qt^ettioni.  527 


ISOi — ^Newcastle  ooal  bums  faster  than  Welsh.  Newcastle  ooal  is  the 
flftmiTig  ooal.    Newcastle  makes  the  most  smoke. 

181. — The  quantity  of  steam  coal  that  can  be  burnt  per  day  in  four 
fnmacesi  each  3  feet  wide  and  of  about  the  usual  length  of  5  feet,  having 
about  60  square  feet  of  surface,  about  10  tons  at  the  lowest  computation, 
because  in  marine  boilers  the  rate  of  combustion  in  the  furnaces  is  from  16 
to  20  lbs.  of  steam  coal  per  square  foot  of  fire  grate  per  hour. 

A  simpler  rule  is,  that  i  foot  in  width  of  fire  bar  equals  1  ton  of  coal  per 
day ;  thus,  in  the  example  above,  the  total  width  of  four  furnaces  is  3  x  4  = 
12  feet ;  hence,  allowing  1  ton  for  each  foot  of  width,  we  have  12  tons  per 
day. 

Thus  ^Slk.^^'I^J^^  -  8.3  owt.  per  hour  =  ?^i^  =  10  tona  per  day. 

18S. — ^The  number  of  tons  of  steam  ooal  that  will  be  burnt  per  day,  with 
common  average  engines,  to  drive  an  ordinary  steamer  of  40  feet  beam  10 
knots  an  hour,  by  steam  alone,  will  be  about  32  tons.  Taking  the  immersed 
midship  section  for  a  ship  of  40  feet  beam  at  800  square  feet,  she  will  require 
about  1200  I.H.F.  to  drive  her  at  the  rate  of  10  knots  per  hour,  which  at 
2i  lbs.  of  coal  per  I.H.F.  will  equal  32  tons.  An  approximate  rule  some- 
times used  is  that  the  square  of  the  beam  of  a  steamer  with  average  engines 
is  about  equal  to  the  quantity  of  coal  that  would  be  consumed  in  40  days, 
and  as  ^*  =  40,  then  the  consumption  will  be  40  tons  per  day  for  ordinary 
condensing  engines. 

40*  =  40  X  40  =  1600 ;  then  1600  -^  40  ^  tonB  per  day. 

183. — The  number  of  tons  of  steam  ooal  that  will  be  burnt  per  day  with  a 
pair  of  common  average  engines,  surface  condensers,  the  cylinders  40  inches 
diameter,  doing  average  work,  will  be  about  1 5  tons ;  for,  assuming  that  the 
engines  in  question  are  of  1 00  nominal  horse-power  (that  being  in  a  measure 
settled  by  the  diameter  of  the  cylinders)  and  with  40  lbs.  pressure  of  steam 
in  the  boilers,  and  a  piston  speed  of  350  per  minute,  they  would  indicate  four 
times  the  nominal  horse-power  (at  least),  and  that  the  consumption  is  3^  lbs. 
per  indicated  horse-power  per  hour,  then  the  quantity  of  coal  consumed  in  a 
day  of  24  hours  will  be  1 5  tons.  An  approximate  rule  sometimes  used  is 
that  '^  if  the  diameter  of  one  of  the  cylinders  of  a  pair  of  surface  condensing 
engines  be  squared  and  divided  by  100,  the  result  will  be  equal  to  the 
consumption  per  day  " :  thus — 

40'  =  40  X  40  =  1600;  then,  -^A^  =  i^  tone  per  day. 

184. — If  in  a  pair  of  inverted  cylinder  direct-acting  engines  there  is  a 
liner  half-an-inch  thick  between  the  ahead  eccentric-rod  and  the  eccentric- 
strap,  and  if,  on  overhaiiling  the  engine,  this  piece  should  be  lost  or  forgotten, 
it  would  cause  the  valve  to  work  half-an-inch  lower  down  in  the  casing  than 
formerly,  and  on  the  upstroke  the  admission  of  steam' would  take  place  later. 
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the  upper  exhaust  will  open  later,  the  cut-off  be  earlier,  and  the  exhaust 
would  close  earlier;  on  the  down  stroke  the  admission  would  take  plaoe 
earlier,  opening  of  the  exhaust  from  the  lower  end  earlier,  and  the  cut-off 
and  the  closing  of  exhaust  proportionately  later.  The  probabilities  are  that 
if  the  slides  of  such  an  engine  had  less  than  half-an-inch  lead  at  the  bottomi 
the  engine  would  not  turn  the  bottom  centre. 

186. — ^In  a  pair  of  inverted  cylinder  direct-aoting  engines  driving  a  right 
hand  screw,  the  pressure  on  both  the  up  and  down  strokes  will  be  greatest 
on  the  port  cross-head  guide  bars. 

186. — In  the  case  of  a  screw  propeller  getting  loose  and  having  a  Uttlei 
play  on  the  shaft  sideways  on  the  key  or  feather,  the  noise  and  vibration 
would  be  unmistakeably  felt  in  Hie  engine  room. 

187. — To  prove  whether  the  oentre  Una  of  the  tnumiafti  of  an  oecillatiag 
engine  be  fair  with  the  centre  lino  of  the  main  shaft,  disconnect  Ae  piston- 
rod  from  the  crank-pin  and  then  putting  the  crank  alternately  on  top  and 
bottom  centres,  and  at  half  strdce,  see  whether  the  piston-rod  takes  the 
bearing  fairly  in  each  position. 

188. — The  fairness  of  a  line  of  screw  shafting  can  be  tested  without  lifting 
the  shafts,  by  taking  out  the  coupling  bolts  and  noticing  of  the  shaft  flEdls 
out  of  the  line,  which  will  show  the  amount  the  shaft  is  down,  or  by 
stretching  a  line  alongside  the  shaft  and  measuring  the  shafting  at  different 
points  along  the  line. 
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PROPERTIES  OF  STEAM. 


384.  steam,  or  Vapour  of  Water.^Water  g^ves  off  yapour  at  all 
temperatores.  The  vapour  given  off  has  a  certain  denfiity  and  elastio  jbroe 
oorreaponding  to  each  temperature. 

The  density  and  elastic  fbroe  of  the  water  given  off  are  tiie  greatest  poMbto 
ton  the  temperature,  that  is  to  say,  if  an  attempt  be  made  to  increase  &em 
by  compressing  the  vapour  into  a  smaller  bulk  while  the  temperature  remains 
tilie  same,  some  of  the  vapour  will  be  reduced  to  the  liquid  statoi  the  denidty 
and  elastio  force  of  the  remainder  suffering  no  change. 

If  a  given  weight  of  this  vapour,  while  the  temperature  remains  constant^ 
expand  into  a  larger  bulk|  the  density  and  elastic  force  will  follow  Botu  and 
llABBiom's  law.  If  its  temperature  be  increased,  the  density  and  elastie 
loroe  will  follow  Dai/tov  and  GAY-LxnasAo's  law. 

If  the  elastic  force  be  less  than  the  external  pressure  on  the  sozfaoe  of  the 
water,  vapour  is  given  off  only  at  the  surface.  This  process  is  called 
jnfaporaUan.  When  the  temperature  rises  so  high  that  the  elastic  force 
becomes  equal  to  the  external  pressure,  vapour  is  given  off  in  bubbles 
throughout  the  whole  body  of  the  water ;  this  process  is  called  EhMiium. 
The  vapour  given  off  when  the  water  boils  is  called  Steam. 

The  boiling  point  of  water  depends  upon  pressure.— The  temperature  at 
which  water  boils  under  the  standard  atmospheric  pressure  of  30  inches  of 
mercury  at  the  sea  level,  or  147  pounds  on  the  square  inch,  is  called  its 
Bailing  Point,    The  boiling  point  of  water  on  Fahrenheit's  scale  is  212*.* 

Water  may  be  made  to  boil  at  any  lower  temperature  by  reducing  the 
external  pressure,  while  an  increase  of  pressure  will  raise  the  temperature  of 
ebullition  to  any  required  degree.f 

The  weight  and  density  of  steam. — ^The  specific  gravity  or  absolute  density 
of  steam,  that  is  to  say,  the  ratio  of  its  weight,  bulk  for  bulk,  to  that  of 
atmospheric  air  of  the  same  temperature  and  elastic  force,  has  been  shown 
by  Beonattlt  to  be  622  :  1000,  which  is  nearly  identical  with  the  earlier 
determination  of  Gay-Ltjssao,  namely  10  :  16. 

Belative  volume. — The  ratio  of  the  volume  of  steam  to  the  volume  of  the 
water  from  which  it  is  produced  is  called  its  Balattve  Volume.  Db  PAXBoim's 
definition  is,  <<  The  relative  volume  of  steam  is  the  quotient  of  the  absolute 
volume  of  the  steam  by  the  corresponding  volume  of  water." 

*  In  measuriDg  temperatures  we  employ  Fahrenheit's  scale  as  the  one  in  common  nsoy 
although  the  Cenugrade  scale  is  far  more  convenient,  and  it  is  to  be  hoped  may  oltimately 
be  adopted. 

t  "The  boiling  point  of  water  is  that  temperature  at  which  the  tension  of  its  vapour 
exactly  balances  the  preflsuxe  of  the  atmosphere."— Ttndall's  SmU  ^  u  Mc9e  t/ JfMftl. 
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Mearare  of  the  pressure  of  steam. — The  pressure  of  steam  is  measured  bj 
atmospheres.  Steam  of  1 5  lbs.  pressure  is  termed  steam  of  one  atmospherOi 
of  30  lbs.  pressure,  of  two  atmospheres,  &c.  It  is  frequently  used  as  high  as 
six  or  seven  atmospheres ;  but  even  ten,  or  1 50  lbs.  pressure  is  employed. 
Steam  below  two  atmospheres  is  termed  low  pressure  steamy  and  all  pressures 
above,  high  preuure  steam. 

The  latent  heat  of  steam. — ^When  a  cubic  inch  of  water  is  converted  into 
steam  at  ziz°,  it  nearly  fills  one  cubic  foot;  from  this  it  follows  that  the 
particles  of  the  water  in  passing  from  the  state  of  liquid  to  that  of  steam, 
recede  from  each  other  to  twelve  times  their  original  distance. 

\  The  heat  which  is  required  to  effect  this  change  is  insensible  to  the  ther- 
mometer, and  for  this  reason,  was  called  by  its  inventor,  Dr.  Blaok,  latmU 
heat,*  Its  whole  energy  is  expended  in  so  modifying  the  molecular  forces 
that  the  particles  of  the  water  assume  a  new  arrangement,  at  a  much  greater 
distance,  constituting  that  state  which  is  commonly  called  vapour  or  steam. 

In  order  to  calculate  the  amount  of  this  heat,  after  the  manner  first  adopted 
by  Dr.  Black,  let  the  following  definition  of  a  xmit  of  heat  be  adopted : — 

Defi^itiok  of  a  Unit  of  Hsat. — The  amount  of  heat  whieh  is  required  to 
raise  one  pound  of  water  through  one  degree  of  temperature  in  the  Fahrenheit  sedle, 
is  a  Unit  of  Meat. 

Let  a  pound  of  water  at  32°  Fahr.,  having  a  thermometer  immersed  in  it, 
be  placed  over  a  constant  source  of  heat.  As  the  heat  enters  the  water  the 
temperature  will  increase  until  it  reaches  2 1 2^,  the  boiling  point  under  the 
standard  pressure.  After  this  the  heat  which  enters  tlie  water  produces  no 
impression  on  the  thermometer,  which  continues  to  stand  at  2 1 2°,  but  seems 
to  be  altogether  expended  in  converting  the  water  into  steam.  If  the  time 
required  to  raise  the  water  from  32°  to  212%  t.^.,  through  180**,  be  observed, 
it  will  be  found  to  be  five-and-a-half  times  as  long  as  will  be  required  to 
convert  it  into  steam.  During  the  first  period  the  water  had  absorbed  1 80 
units  of  heat,  and,  therefore,  during  the  second  period  183  X  5^  or  990 
units  of  heat.  According  to  this  method  of  proceeding  the  latent,  or  potential, 
heat  of  steam  would  appear  to  be  990  units. 

More  accurate  experiments  have  since  been  derived  for  determining  this 
important  element ;  on  the  authority  of  Bbgnattlt  it  is  now  generally  assumed 
that  the  latent  heat  of  steam  at  212^  =  966*6  units. 

The  total  heat  of  steam. — ^Although  the  whole  amount  of  heat  in  a  g^ven 


*  ^'Definition. — Latent  heat  is  the  quantity  of  heat  which  mutt  be  communicated  to  a  body  in  a 
given  state  in  order  to  convert  it  into  another  state  without  changing  its  temperature. 

We  here  recognize  the  fact  that  heat  whon  applied  to  a  body  may  act  in  two  wajrs — hy 
changing  its  state,  or  by  raising  its  temperature—and  that  in  certain  cases  it  may  act  by 
changing  the  state  without  increasing  the  temperatures." — Theory  qf  Meat,  by  J.  Olbbji 
Maxwbll,  M.A.,  LL.D. 
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mass  of  matter  cannot  be  eotimated,  yet  it  is  usual  to  call  the  amount  over 
and  above  that  which  is  contained  at  a  certain  temperature,  say,  the  zero  of 
the  Fahrenheit  scale  the  total  amount ;  according  to  this  view,  the  total  heat 
of  a  pound  of  steam  at  212^  is  the  sum  of  212^  and  966*6  units;  or,  total 
heat  of  steam  at  212°  =  1 178-6  units. 

It  was  for  a  long  time  a  disputed  point  whether  the  total  amount  of  steam 
raised  at  different  temperatures  was  a  constant  quantity  or  not.  Watt 
maintained  the  doctrine  that  as  the  sensible  heat  increased  the  latent  dimi- 
nished by  equal  degrees  so  that  the  total  amount  remains  constant. 

SoiTTHXRN  and  GaBiaHTOir,  on  the  other  hand,  maintained  that  the  latent 
heat  of  steam  at  all  temperatures  is  constant,  and  that  the  total  heat  is  the 
sum  of  this  constant  quantity  and  the  sensible  heat. 

BsoKAXTLT,  as  the  result  of  an  elaborate  series  of  experiments  in  steam 

varying  from  3  lbs.  to  200  lbs.  pressure,  arrived  at  the  conclusion  that  the 

total  amount  of  heat  in  a  quantity  of  steam  increases  slowly  with  every 

increase  of  temperature.    He  constructed  the  following  formula,  which  gives 

pretty  nearly  the  total  amount  of  heat  in  steam  at  all  temperatures. 

Total  heat  of  steam  =  1081*94  +  0*305  T  (Fahr.) 

The  following  Table,  taken  from  his  results,  shows  that  there  is  a  difference 
of  about  1 17*^  between  the  total  heat  of  the  vapour  of  the  water  at  pressures 
corresponding  to  32°  and  466^  respectively. 

SENSIBLE  AND  LATENT  HEATS  OF  STEAM,*  BY  M.  BEGNAULT. 
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Condensation  of  Steam. — When  steam  parts  with  its  (potential)  latent 
heaty  it  is  reduced  to  the  state  of  water  having  the  same  temperature. 

If  cold  water  be  injected  into  hot  steam,  the  steam  parts  with  its  heat  to 
the  water,  and  the  result  is  a  quantity  of  water  of  intermediate  temperature. 

*  The  student  is  recommended  to  study  carefolly  jin  Introduction  to  the  Science  of  Meat, 
by  Tbmfui  Augustus  O&mb.  London :  Groombridge  and  Sons.  The  reader,  after  perusing 
this,  is  recommended  to  study  Dr.  Ttndall's  Seat  as  a  Mode  of  Motiony  several  portions  of 
which  are  master-pieces  of  lucid  explanation.  Dr.  Balfour  Stbwakt'b  Elementary  Dreatiee 
on  Meaty  Prof.  Tatt's  Thermodynamiee,  and  The  Theory  of  Heat,  by  J.  Clbbk  Maxwell,  M.A. 
(liongmans'  Text  Books  of  Science),  will  be  most  valuable  aids  to  hiss  when  he  has  a  con- 
nected view  of  ttie  main  faots  of  the  soienoe. 
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Xhennal  TJnit — ^A  oerteia  quantity  of  heat,  with  which  all  other  quantities 
are  oomparedi  is  called  a  I%&rmal  Unit. 

A  thermal  unit  of  heat  is  the  heat  neoessary  to  raise  a  pound  of  water  one 
degree  in  temperature.* 

"  The  quantity  of  heat  neoessary  to  raise  one  pound  of  water  i^  Fahrenheit 
in  temperature  is  equal  to  that  generated  by  a  pound  weight  falling  from  a 
height  of  772  feet  against  the  earth,  or  it  would  raise  772  pounds  i  foot  high." 

Foot-Pound. — ^The  term  '^foot-pound  "  has  been  introduced  to  express  in 
a  conyenient  way  the  lifting  of  a  pound  to  the  height  of  a  foot.  Thus  the 
quantity  of  heat  necessary  to  raise  the  temperature  of  a  pound  of  water  1^ 
Fahrenheit  being  taken  as  a  standard,  772  foot-pounds  constitute  what  is 
called  the  mechanical  equivdhni  of  hM^,\  If  the  degrees  be  centigradOi  19390 
foot-pounds  constitute  the  equivalent.  | 

•  Ga&not's  Phjfiiei,  page  401. 

f-  Br.  Matbr,  of  HeUbrotin,  in  the  year  1843,  determined  the  exact  equivalance  whioh 
exiiBte  between  a  quantity  of  heat  and  work  done  expresBed  in  foot-ponnda.  Founding  hia 
calculations  on  previous  experiments  on  the  specific  heat  of  gases,  he  arrived  at  the  following 
results,  viz.,  that  a  unit  of  heat  converted  into  work  was  expreased  by  669  foot-pounds. 

In  the  year  1843,  Dr.  Jovlb,  of  Manchester,  independently  of  Dr.  Matsb's  labouriy  and 
by  the  method  of  direct  experiment,  determined  the  mechanical  equivalent  of  heat.  As  a 
final  result  of  an  elaborate  and  varied  series  of  experiments,  he  arrived  at  numbers : — 

J  =  772  foot-pounds. 

This  number  expresses  the  whole  work  due  to  the  quantity  of  heat  which  is  able  to  raise 
one  pound  of  water  through  one  degree  Fahrenheit 

t  Ttitdall's  JSlttU  as  a  Modi  ofMbiioHj  4th  edition,  page  40. 
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PROPORTION  OF  PARTS. 


■odem  engines  work  to  about  4  to  5  times  N.H.P. 

Grata  snrfitce  required  per  N.H.P. — about  }  of  a  square  foot ;  heating 
sor&oe— about  22  square  feet;  coal  burnt  on  grate— about  16  lbs.  per 
square  foot  per  hour,  which  is  about  12  lbs.  per  hour  per  N.H.P. ;  and  if 
engines  work  up  to  5  times  the  N.H.P.,  this  would  be  2^  lbs.  per  hour  per 
LH.P. 

Weight  of  water  evaporated  by  eaoh  pound  of  ooal— from  8  to  14  lbs.  In 
praotioe  10  lbs.  may  be  considered  good. 

Boiler  space — One  cubic  yard  per  N.H.P.,  of  which  not  more  than  one- 
half  should  be  water  space,  and  not  less  than  one-half  steam  space. 

Water  required  to  turn  into  steam  per  V.H.P. — ^from  i^  to  2  cubic  feet. 

Beetional  area  of  tubes — 10  square  inches. 

Area  above  the  bridges — 14  square  inches. 

Area  of  safbty-valves — i  square  inch  for  every  square  foot  of  grate  surfietoe. 
f  square  inch  of  valve  surface  equals  a  N.H.P. 

Area  of  ehinmey — 7  square  inches. 

Area  of  piston  for  low-pressure  condensing  engine — about  22  square  inches. 

High-pressure  (non-condensing  engine)— 1 1  square  inches. 

Siie  of  shaft— diameter  a  little  less  than  i  diameter  of  low-pressure  cylinder. 

Xain  steam  pipe— the  same  diameter  as  shaft. 

Crank  pin — about  i  diameter  less  than  the  shaft. 

Bduotion  pipe— about }  the  diameter  greater  than  the  steam  pipe. 

The  piston-rod — about  -x^  the  diameter  of  low-pressure  cylinder. 

The  air-pump— capacity  between  i  and  i  of  that  of  low-pressure  cylinder. 
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28.  5060344127 I 69 I 50 

29.  29622961 1 8 14587 191480656 

30.  10203029078666688093030201 

31.  999400 I 499 8000 149994000 I 

32.  9999999500000004000 

33.  999400149980001499940001 


Poffd  26. 


'•  7*39334500  5. 

2.  108143 14500  6. 

3-  '3503796*00  7. 

4.  24538039680009        8. 
'3-  35333670133890810 


*9o6755347*44*o  9- 
229262443200000  10. 
47287079491501550  II. 
581643960  12. 

14.  12003400820050006000000 


2345457600 
13422439800 
231^085840 
76180806000 


I. 

2. 

3- 
4- 
5- 


10285980 
16261578 
12838608 
40261296 
381 14062 


6. 

7- 
8. 

9- 
10. 


24335360 

47094144 

20146968 

2997332184 

28894158 


1.  67896347-1 

2.  194899 I 28-2 

3.  99836471 

4.  59648952 


DIVISION,  Poffs  30. 

5.  66779748-5  . 

6.  395 I 2 348- I 

7.  868427625-6 

8.  274473675 


11.  2466490572 

12.  78522048 

'3-  '30853*0545 

14.  1557262880 

15.  18532696320 


9.  25409614-6 

10.  100107478-9 

11.  91261430-10 
'*•  4953o8794*-8 

(6)  '3'-5 


(2)  96168    (3)  8442-2    (4)  1502-2    (5)  393-4    (6)  131-5    (7)  52-2 

(8)  23-3    (9)  "-5    (")  3-5    ('*)  2 

2.  (2)  109375    (3)  9602   (4)  1708-3   (5)  448   (6)  150   (7)  59-3    (8)  26-5 

(9)  '3-'    (")  3-'o    ('2)  2-4 

3.  (2)  63856    (3)  5606    (4)  997-3   (5)  261-2   (6)  87-3   (7)  34-5   (8)  15-4 

(9)  7-6    (11)  2-3    (12)  1-4 

4.  (2)  137828   (3)  12100   (4)  2153-2   (5)  564-2   (6)  189   (7)  74-6   (8)  33-5 

(9)  ^^S        (")  4-'o    ('2)  2-11 

5.  (2)  31261    (3)  2744-1    (4)  488-1    (5)  128    (6)  42-5    (7)  17   (8)  7-5 

(9)  3-6    (")  I-'    ('2)  0-8 

6.  (2)  146406     (3)  1*853    (4)  **87-*    (5)  599-3    (6)  *oo-4    (7)  79-4 

(8)  35-5    (9)  '7  5    (")  5-3    ('*)  3"' 

7.  (2)  154907    (3)  13599-^'    (4)  *4*o-'    (5)  634-2    (6)  212-2    (7)  84-1 

(8)  37-6    (9)  18-5    (n)  5-6    (12)  3-3 

$.    (2)  73531   (3)  6455-'   (4)  "48-3   is)  3P'    (6)  100-5    (7)  40    (8)  17-7 

(9)  8-7    (li)  2-7    ('*)  r^ 


536 


^UMwvr* 


Pa^ 

3*- 

I. 

75^38-*        'o-  7*5983 

19.  999000-1000 

a. 

542370      II.  706321-515 

20.  9000090000-10000 

3- 

34785-7      ".  95248-834 

21.  8485852-43614 

4. 

542370      13.  8607936214-143 

22.  1068392-117002 

5- 

220950-14     14.  576845 

*3«  5440*3-195858 

6. 

150898-27     15,  245728 

24.  70030401 

7- 

127474-28     16.  567977-385* 

*5-  730956788-980154321 

8. 

100045-25     17.  107356-2031 

26.  63245553 

9- 

461002-18      18.  1 00010-10 

27.  9007609600 

28.  3045*9878174100474 

a9-  434*944819-49016833 

Poffe 

34- 

• 

1.  463519673763533-5 

2.  27201490438560034-10 

5.  14964450409277-63 

6.  4489339863279-30 

3.  1582874324701-32 

7.  27206980239559-123 

4.  95022741046776-8 

8.  34045491087 17 2-1 

I.  187157296759729-46 

6.  1035-640 

2.  96286956)912-25 

7.  4031632208110056-69 

3.  329218107-670 

8.  1039682584-834 

4.  689723490b 

5.  5719069838-108 

9-  3396-5094687 

10.  3854-26167 

Pagd 

37- 

I. 

33;  136;  26     3.  26;  24 

5- 

147802420      7.  11769431 

a. 

h;  30;  13*     4.  "85635-1 

6. 

890317        8.  4«097703 

9-  3i 

;  84 

% 


EBDUOnON,  Pa^e  43. 

1.  87854  £arthingi;   68810  farthings;    65998  halfpence;    5753  threepences ;   1563  three- 

penny pieces ;  15 16746  halfcrowns. 

2.  ;C*99  68.  2d.;  £g  1 78.  i{d.;  23764  halfcrowns;  441  g8.  8b.;  ;C5909  188.  9id. 

3.  458589  oancea;    71701738  drams;    162  tons  17  cwt.  3  qrs.  25  lbs.  9  oz. ;    21411  drams; 

617661  ouQces;  23597760  drains;  269  tons  o  cwt.  i  qr.  26  lbs.  3  os; 
43  lbs.  3  oz.  10  dwt.  22  grains  (troy) ;  35  lbs.  10  oz.  14  grains  (ayoirdupois) ; 
8508  grains  (troy) ;  27901  tons  15  cwt.  2  qrs.  24  lbs. ;  6  st.  1 3  lbs.  14  oz.  315  grs. 

4.  13360  poles;   40534565  inches;    1056816  feet,  or  12681792  inches;    157  mis.  6  for. 

24  pis.  5  yds.  2  ft.  4  in. ;  1080303  far.  r  pi.  i  yd.  o  ft.  6  in. ;  4516300900  sq.  in. ; 
428  yds.  18  ft.  128  in. ;  1730  acres  i  rd.  14  pis.  i^i  V^^- 

5.  4504  pints ;  1 1432  gals.  2  qts. ;  1 80  pints ;  160  pecks ;  1 129  pints;  9259  hhds.  14  gals. ; 

'5331056  qts. ;  2560230  gals.  1  qt. 

6.  22266000  sees.;    2674859  sees;    19  yrs,  o  hrs.  40  mins.  16  sees;    31556928   sees.; 

3  mo8.  25  dys.  17  hrs.  46  mins.  40  sees. 

7.  17280  lbs.,  ayoirdupois.  8.    253*2  grains,  troy.  9.    35  ft.  1568  in. 

COMPOUND  ADDITION,  Pa^ea  44  and  45. 

>C3*7537  ^8.  3}d.  2.    >C33*3"  '88.  5d.  3.    ^^412105  6s.  iid. 

(i  &  2)  ;f 659849  118.  8jd.  (2  &  3)  jf 744417  58.  4d- 

;f  1050668258  158.  6Jd.  5.    ;Ci500543i39  los.  5jd. 

JC904933435  OS.  9id.  7.    ;f 1080997983  78.  5}d. 

22913  tons  6  cwt.  I  qr.  9  lbs.  i  oz.  14  drs.  9.     3659  lbs.  6  oz.  3  dwts, 

405  lbs.  I  oz.  5  drs.  o  so.  8  grs. 

15875  nUs.  7  fur.  23  pis.  oj  yd.  2  ft.  8  in,  or  15875  mis.  7  fur.  23  pis.  i  yd.  i  ft.  2  in. 
23361  acres  3  rds.  7  pis.  7}  yds.  4  ft.  61  in.,  or  23361  acres  3  rds.  7  pis.  7  yds,  6  ft.  97  in. 


I. 

4. 

6. 

8. 
10. 
If. 

IS. 


l>    3973  yds.  17  ft.  24  in. 


14.    15  ft,  a  in. 


Afmo&ri,  537 

COMPOUND  SUBTRACTION,  Page  46. 

I.  ;^33  78.  a^d.  6.  aoo  tons  18  owt.  3  qrs.  26  lbs.  15  ozs.  xi.    2*>  35"  34*. 

a.  jC'^o  '<^*  ^i^'  7*  2  lbs.  7  ozs.  o  dwts.  22  gra,           xa.  x  c. yd.  18 eft.  1493c.  in. 

3.  ;^ii7  14s.  9^.  8.  3  mis.  3  fur.  109  yds.  o  ft.  9  in.  X3.    2  gals.  2  qts.  i  pt 

4.  £20Tj  17s.  7}d.  9.  1308  acres  2  rds.  29  pis.  14.    3  mos.  2  wks.  6  dys. 

5.  £26(yj  X5S.  8d.  10.  8  sq.  yds.  i  sq.  ft.  xa5  sq.  in.  15.    8  yrs.  39  wks.  5  dys. 

16.    6  yrs.  346  dys.  X4  hrs. 

COMPOUND  MULTIPLICATION,  Pages  so  and  $1- 

»•  £^39  "■•  7id. ;  ;f  X066  IS.  ojd. ;  ;f  1492  98.  5jd. ;  ;f  1918  178.  lojd. 

2.  jf  24097  13s.  9d. ;  ;C3^'4^  '<^'  7i^' »  >C4^'95  7^*  ^'t  £^^^^4  A^'  4i<^* 

3.  j^6829  OS.  4d. ;  jf7682  iis.  10^. ;  £Ssz6  58. 5d. ;  ;^9389  178. 11^. ;  jf  10243  ^^'  ^d* 

4.  j^9o82  los.  11^. ;  ;^24220  2S.6d.  ;jfi5f37  irs.  6}d.;  ;C>ii92  X2S.  2jd.;  jf  36330  38. 9d. 

5.  6  cwt  X  qr.  26  lbs.  1$  ozs.  8  drs.  6.    41  tons  18  cwt.  i  qr.  18  lbs.  xo  OM. 

7.  XI  en.  yds.  i  en.  ft.  956  en.  in. 

8.  70  gals.  3  qts.  o  pts.  o  gills ;  88  gals,  i  qt.  i  pt.  2  gills. ;  xo6  gals,  o  qts.  x  pt. 

9-    £^1S^S  ^'  3^i      £S79n  M.  6d.;      ;C'30304   iM.  7jd.;      ;f»35«30   "S.  6d. ; 

;fxoi347  X9S.  4ld.;  ;f  56304  8s.  6Jd.;  ;f 43434  i^-  lojd. 
10.    ;f 223x21   OS.  2}d.;    jf 397737  98-  'i^-;    £^5^^^3   ^5^  ^i^-i    £3*9^3^   xs.  ajd.j 

;f  1037997    X4S.  xijd. 
X I.     X 15  tons  o  cwt.  2  qrs. ;  244  tons  8  cwt.  2  qrs.  7  lbs. ;  603  tons  17  cwt.  2  qrs.  14  lbs. ; 

8698  tons  15  cwt.  X  qr.  7  lbs. ;    273  tons  3  cwt.  2  qrs.  21  lbs. ;    2746  tons  4  owt. 

I  qr.  21  lbs. 
X2.    302  gals. ;    320  gals.  3  qts.  i  pt. ;    358  gals.  2  qts.  i  pt ;    7568  gals.  3  qts.  x  pt ; 

28312  gals.  2  qts. 
13*    57  tons  5  cwts.  I  qr.  21  lbs.  14.     1841  tons  xoowt.  x  qr.  X2  lbs. ;  ;f  1383  68.  8d. 

15.    30  mis.  6  for.  32  perches.  x6.    38a  mis.  7  for.  91  ft  io|  in. 

'7*     375  ^^  P^  honr. 

COMPOUND  DIVISION,  Page  ^i. 

X.  ^£'42  3s.  9d. ;  £2%  28.  6d. ;  £2$  xos.  8d. 

a.  jf a7  98.  3jd. ;  £47  8s.  si^- ;  £^1  9«-  3id. 

3.  ;f275  108.  2jd.;  ,^38  178.  6td.;  ,^632  178.  4jd. 

4.  if 554  3«-  8d.;  £3^  138.  4jd.;  ;f259  138.  7jd. 

5.  ;^962  49.  xjd.;  £4^1  198.  5ld.;  ;f843  98.  ^d. 

6.  3  lbs.  4  oz.  13  dwt.  I  gr. ;  6  lbs.  11  oe.  17  dwt  9  grs. ;  14  tons  5  cwt  2  qrs.  17  lbs. 

7.  .8  owt  3  qrs.  25  lbs.  13  oz. ;  27  yds.  2  ft.  6  in. ;  3  mis.  4  far.  x6  per.  4  yds. 

8.  4  mis.  7  far.  23  per.  3}  yds. ;  27  acres  3  roods  27  poles ;  57  gals.  3  qts. 

Page  53. 

1.  jf79  5s.  8Jd. ;  jfi7  os.  ojd. ;  /'19  i6s.  6}d. 

2.  £4  198.  8^.;  ;C72^i  18*  "id.;  jfaa  as.  2d. 

3.  ;Ci2  X5S.  iijd.;  ,Ci7  7S.  9jd. 

4.  j^8690  8s.  o^. ;  ^^41  138.  s^d. ;  jfioo  17s.  4d. 

5.  ;C26  8s.  8}d.;  ;f88ao  168.  3}d.;  ^^845  178.  4jd. 

X.    £12    88.  2jd.  4.    >f5  >48. 9VW.  7-     £^    88. 4jd.  xo.    £0    98. 5}d. 

a-     £tS    ^4}  5-    >f7     8     »  8.     ^4    o    oj  XI.     ^o    8     7J 

3-    £^Z  »6    5  6.    ;C4    9  »oi  9-    £t     a  lof  ".    £0    X     2^ 

Page  54. 

X.    jf  17  I38.  8d.  4.    £0  IS.    3jd.  7»    jf  «  !«•  »Jd- 

>•    jf  3    58- 9f^-  5-    /^o  ".    2jd.  8.    ifii  28. 6d. 

3.    jC  X  xos.  2id.  6.    £1  88.  11^.  9.    236-6. 

X.    2435        >•    13*        3-     "7        4*     K><^        5*    mi        ^*    »5        7*    4*        8.    67 
9.    248        10.    349. 


53B  AmumB. 

aSEATEST  COMMON  MEASXTBE,  Pag$  58. 

I.     la;  9;  11;  29;  I.  3.     i;  939;  23;!.  5.     19;  a;  37. 

a.    9;  11;  a7;  1;  313,  4.    87 ;  iii;  11 ;  a9.  6.    i;  9187;  i. 

7.     3;  »• 

LEAST  COMMON  MULTIPLE,  Page  61. 

I.  la;  60;  840;  900.  5.  900.         9.  3956iai;  1336783. 

a.  11803;  18648;  50337;  7a.  6.  151a.        zo.  5754840;  i85a2ooo. 

3.  1890;  3000;  1728.  7.  1008;  79560.   II.  1116864;  a549004o64039. 

4.  1008;  aa6o.  8.  68904;  49098049. 

MISOELLANEOUS  EXAMPLES  IN  a.CM.  and  KCM.,  Pag$  61. 

I.  (3147*5  X  9  -r  5)  =  S^S^^S'  'o.  14  minntea. 

a.  {'48995  -r  9  X  5)  =  82775.  "•  I  day. 

3.  3  ttie  greatest  No.  of  timefl,  7905  least.  la.  540;  1080;  i6ao. 

4.  371280,  13.  300. 

5.  4.  14.  I  hour,  15 ;  la ;  10  times. 

6.  1391.  15.  a5a.    Ahas  aoheiq[>s,ftBhas  aiheapi. 
7*  ^»  3»  4)  6|  9,  la,  18,  36,  and  aa8o96.  16.  a3. 

8.  24  dollars.  17.    8 

9.  i6ooiiiioes. 

VXJLGAE  FRACTIONS,  Pag0  64. 

■•     "1  nTi  Tr»  TTi  TTi  Tr»  TTj  "•         Tffi  TT»  TnTi  TnT*  TnTi    i3r>    i«  1    iTr • 

a.   V,  V,  ^V^,  ^W»,  *HP. 

Ptf^tf  65. 

I.  V,  w,  w.  w.  w,  w?,  m.  ^w*,  tmf,  www,  ^^^wwwwm,  ^^*««»^s 

-Pfl^^d  66. 

'•    i»  ¥»  i^»  ♦>  A'  rff  3*    niWrr*  J«  tfHti*  'i  "Art  A- 

>•    A»  tSfri  tIt*  /Wr»  tAv»  rArr*  4«    tV»  tH*  »H,  H?»  tACW' 

5*    tIWti  tMt' 

P(fl5^*  67. 

«•    >i  3t.  4»,  13A1  i6t*j,  143^  4,V.  3H»  ^iW- 

a-    33li»  >3» '3.  130H,  8*3l*.  7»  5"H!- 

3.    »5rf«».  3fm».  59168,^^,  aHUm*  "Wf.  *3»9iViV. 

Pfl^d  68. 

I.  V.  V,  Ht  w,  w,  ^*^  m',  *^^  3.  ^ v^  ^iW^,  ^sk^^, iMi^iLft,  mimn 

Pflj^d  69. 
'•    f»  fi  41  f"»  A»  2»  ft  TV*  8»  "nr* 

3*   Ai  T>  A»  H>  At  tA* 

5-  «»>  IHm.  4mtt< 'iVW.  #^mV>  ii^iWMM^- 

6-  iU».ii. 


Pag^  71. 

t        »•»  ^  '$t  U    3g»54»68>75     iJSft  79«f  gj^*  ^5*    675, 680, 684 
32"       >  84         J  1386  >  7«>       • 

10368,  aoi6,  5103,  HM     iSfci  »S30»  »78g»  1700 
15876  >  x8oo 

63, 88,  iQg,  76,  7S     7aOi  378,  SiS*  612,  80, 675 
3*  144  J  ia6o  • 

i6a,  io8, 144,  24,  i6    S40t  630,  aid,  330,  a6o,  345     iS7«»  «aS«  "'o 
^  843  7  900  J  2760        * 

43ao»  6g3o»  1008,  560,  t7a8,  3113     16a,  108,  asa,  36,  3^1 3^ 
5-      7^55 >  P$ • 

^        I440i  *»St  36ot>t  3M0>  3i5o»  34S6,  4000*  39^1  a88o,  2925,  2800, 1920 

,  6930^  7546^  «474S»  a4ao6>  16016, 16874,  22295     199S>  600,  2278,  2023, 1810,  3383 
'•  35035  >  3S70 

e  i54>99f84     i9Sf  «6o,  234,  370     140,  ^lU  330     43ig>  385,  67ao>  16104 
•  331      J  390  '  105       '  SiS  • 

Pfl^tf  72. 

Pfl^d  73. 

P<^*  75. 
t.    (i)  A.      (>)  U.      (3)  ft*      (4)  ff .  a.    Greatest «,  least  |,  gxeatest  f. 

3*    Greatest  A,  least  |.  4*    Greatest  A,  least  A* 

5»    «>  H>  ff>  tt>  if»  ifi  if>  "H*  i#  ♦• 

ADDITION  OF  VULGAE  FEAOTIONS,  Page  78. 

I.    *,  i»  I,  iA>  >f.  5.    5^7iaTfti  loriW. 

3.  >«*i»  3-  7.    if»»  iAW%. 

4.  3«»Wr,  iH»»l»«.  8.    319m?. 

SUBTRAOnON  OF  VULGAE  FRACTIONS,  Pag$  80. 

I.    Jf  A»  ai»  3i>  *»  A.  a.    f ,  tt,  «*,  iWr,  A,  AWr- 

5*    ifiAr*  A,  "A,  itt  aJftt,  ifStt.  6.    yi,,  tIv,  i,  rk- 

7-    aifjiAt.  8.    "»"«,"«,"»,  "At,  I  iH,irAAf. 

MULTIPLICATION  OF  VULGAE  FRACTIONS,  Pag$  82. 

I.    A,  W»  If  8i,  i5i  35-  >•    99990*  999900,  if,  tt,  J,  I. 

3.   !«»,  «*m,  tAAt,  »JH, «.  4.    3A,f.  5.    I,  WAWftW- 

6.    IH>  *fi  i9Wi*  7.    414H  5i  ASr.  8.    a6,  i-ft.  9.    a. 

DIVISION  OF  VULGAE  FEA0TI0N8,  Page  84. 

«•    1>  «i»  *f,  if,  lA,  H,  W-  a.    A,  7A,  i4»  169,  26645,  »»  3753f 

3-    V,  ♦,  ii»  I  At  tt»  A.  4.    J,  "flfir,  *»  aAlr,  37f  5*    9f«f»  ilr- 

6.    i4A»8, 19H.  7'    7i*,fi,  aA. 

EEDUOTION  OF  FEAOTIONS,  Payd  89. 

'•     J»  f>  xt,  tfo»  tfa,  ^ff*  *•     «f  At  ff»  war,  t»  4^>  ««t,  ft,  ifc* 

>  ^.  M,  5A,  ^>  i,  mm,  «f.  i9i»- 


s 


-540  Anmoera. 

Page  91. 

I.  78.  6d.,  68.  3d.,  la.  id.,  £^o  158.  6d.,  £%%  108.,  >C99  i^  9i^  &  ti  iC'  78*  <^*  'ffe* 

a.  j^i4  188.  lo^d.,  ;f9  108.  4d.,  jfi24  128. 

3»  £^Z^  58*  7id  f  >f 4  '8.  8Jd.,  3  mla.  25  far.  2  yds.  i  ft.  6  in.,  7*»  i2"»,  a  ft. 

4.  15  cwt.,  I  ton  6  cwt.  I  qr.,  7  cwt.  2  qrs.,  4  cwt.  o  qrs.  1 1  lb8.  6  ozn. 

5.  4  cwt.  3  qrs.  18  lbs.  8f  ozs.,  i  ton  14  owt.  o  qrs.  33  lbs.  3  ozs.,  8263366  miles 

66  acres,  lyifiWfifififr*  6.     11 1  cwt.,  >Cii  is.  ijd. 

?•    ;C329y  4^515^2  'OB-9  i^  <^^^*  ^'    j£^3^472>)  3'29^  ^^^  ^  c^^*  ^  Q>^* 

9.    3  cwt.  I  qr.  6  lbs.,  d66  2s.  iid,,  103  lbs.,  3**  ii*>  13". 

Page  93. 

4-    M»Tfi>5W-  5-    tV  troy  and  A.  avoir,  rh.  6.    ^^,  WW 

Page  94. 

I.     13  cwt.  2  qrs.  14  lbs.  10  ozs.  10}  drs.,  6  ozs.  12  dwt.  5^  grs.,  4  fxir.  39  pis.  a  yds. 
a.    5  cub.  ft.  1 10}^  cub.  in.,  2725  days  18  hrs.  34  min. 

3.  WflftV  cwt.,  AWWft  tons.  4.    >iHm. 

5.  The  relative  values  are  as  62,  61,  54  (the  absolute  values  being  15s.  6d.,  15s.  3d.,  and 

13s.  6d.) 

6.  riwfS'  7'    3'  8<1'  inches,  ^  furlong. 

NOTATION  OP  DECIMALS,  Pag$9  98  and  99. 

I.     'If  '31  '71  '33.  •o7»  '003.  'oo",  *9i78f  •09'78>  9«'78. 

a.    '000028,  '001041,  '00000006,  '0000009,  520*3,  '90,  3*0142. 

3.      6*72819,  '000672819,  6728*19,  '0000003,  400*01,  53*00415,  50*0000101,  *00000000050I. 

4.  7*o6o,  43'2i43»  9078a3457f  I'oooooi,  35-721341. 

5«  53'9»  ^*039,  8000004,  3'7ooo,  9*000400537,  902030401. 

6.  TTT,  Tuxst  1000}  looiboiTi  Yucm*  3"nsMj»  "nr(n>o%i  45^"nnj'>  16A>  looooTiinji  47TTnr>  lOouSoo* 

7-  flfsisagt  T5«9«8ooooOf  iWo^i  6x8x1,  "ASfiMftfei  igaiiygA<igooog' 

8.  '073,  '0197,  'oooooi,  '00261,  'OOOIOOI. 

9.  1*54,  24*079,  315*008,  *oooo5o,  'ooiioo,  '009. 

10.  *i,  *03,  *oo5,  '105,  *ooooo2,  '000060,  41*08,  1000*001,  30*000006,  'lOO,  '00002375. 

11.  4004,  '0000345,  3'oooo4,  524000624*0008034,  looooo'doooooi. 

12.  Six- tenths.  Ninety-two  hundreds.  Five  thousand  four  hundred  and  ninety-eight 
ten  thousandths.  Seven,  and  seven  hundredths.  Twenty-six,  and  four  hundred  and  five 
thousandths.  One  millionth.  Thirty-seven  hundred  thousandths.  Eleven,  and  one  hun- 
dred and  one  thousand  one  hundred  and  one  millionth.  Four  hundred  and  forty  thousand 
three  hundred  and  eight  ten  miUionths.  Eighty-two  thousand  three  hundred  and  forty- 
four  hundred  thousandths.  Thirteen  thousand  two  hundred  and  thirty-six  hundred 
thousandths. 

13.  Nine,  and  four  hundred  and  fifty-seven  ten  thousandths.  Four  thousand  and  four, 
and  three  hundred  and  forty-five  ten  millionths.  Three,  and  four  thousand  and  one  ten 
thousandths.  Five  hundred  and  twenty-four  million  six  hundred  and  thirty-four,  and 
eight  thousand  and  thirty-four  ten  millionths.  Three  thousand  seven  hundred  and  five 
thousand  millionths.  Twenty-four  thousand  and  fifty-six  thousand  millionths.  Seven 
thousand  and  five,  and  six  hundred  and  seventy-four  thousand  millionths.  One  hundred 
thousand,  and  one  ten  millionths.  Ten,  and  one  thousandth.  Nine,  and  twenty-eight 
millionths.    One,  and  six  thousand  and  three  ten  millionths. 

14.  One,  and  one  millionth.  One  million  and  one  ten  millionth.  One  hundred 
millionths.  One,  and  thirteen  thounand  and  four  hundred  thousandths.  Nine,  and  two 
hundred  and  three  thousand  one  hundred  and  sixty-seven  millionths.  Four,  and  three 
million  eight  thousand  and  four  ten  millionths.  Twenty-seven  and  four  miUion  six  hundred 
And  twenty-seven  thousand  three  hundred  and  fifty  ten  millionths. 


Ansfo&ts.  $41 

15-  '7453»  7*453»  74*53.  4895^*»».  ^^5^rl,  4895^ai»  8764'3oo7i,  87643-0071. 

876430*071. 

•000531674,  -0000531674,  '00000531674. 

•000000000317,  '0000000000317,  '00000000000317 

902'0304oi,  90*203040 1,  9*02030401. 
16.  478-3,  4783,  47830,  4*783,  -4783,  -04783,  23915,  3587*a5. 

ADDITION  OP  DECIMALS,  Pa^e  100. 

I-  745'79^.  a935*5073      5-  538'64a202i  9.  run,  1*2345 

a.  886*9326,  1680*679      6.  140*1996, 5082*3192995   10.  230143*035741 

3.  143^-4179  7.  536769  "•  a-929i474 

4*  4009  8.  9181*6074975 

SUBTBAOTION  OP  DECIMALS,  Page  10 1. 

I.  91*7423,  1427*633782,  *o6672i522,  24680*12377.    2.    3*431,  *oi,  *ooii,  9*999999,  189585 

3.  39*8479"94,  '000099,  7*3366o6,  *ooo396,  64*0317753,  8*20001,  699*93,  537'>5997 

4.  8*000001,  98*99999901,  72*5i9340i,  2*291.  5.    *378,  0051,  6*3,  6*999993 
6.  272*732875,41*7011.            7.    o.            8.    5555*6049095. 

MULTIPLICATION  OP  DECIMALS,  Page  103. 

1.  10*0,  10*0,  1190*0,  11*9,  *oii9,  *ooii9. 

2.   '000000202,  3*06034,  *OOOOOOII2,  *002I0I75. 

3.  -0360963,  26*5344,  *ooo6o4476,  2*02100. 

4«  "505*3503»  4i796a*6oi,  257*049,  408*04,  *ooo43. 

5.  '0108575,  *0320i6,  *ooooooo72,  264396*22160671. 

6.  -0306002448.  470116914*436,  536*672000592. 

7.  -00164389993,  160*86701632806,  -06288405909156. 

8.  2*5067823,  *ooooi  1826009,  '000000006676542672. 

9.  -013014,  1*5,  '20736.  10.    5*3»44'>  4'096. 

DIVISION  OP  DECIMALS,  Page  105. 

I.    19*82421,  14*16015,  11*01345,  27533625,  1*12637557,  1*66704,  0*83352,  -2667264, 
•01058438. 

2.  3"'48736o333,  66*6188183,  2*2258942,  5387*4. 

3.  -0000186,  -00186,  45,  450,  4-5. 

4«    -03,  74-84,  43206*7,  -00007375,  83671000,  '000000000003,  *o6i096,  '8,  '4. 

5.  X4'7S99S3>  ^SS'^^^f  12x0*234426,  *02. 

6.  2681*081081,  *oooo36oo74,  *oooi,  '006578947,  *oo862. 

7.  15000,  5060000,  *oo8,  -0375313. 

8-    73939*39»  "40oo,  -125,  -2665,  375. 

9.   -0000000125,  125,  125,  24-3.         10.   -00000x25,  8*004,  *0002,  '00000584795. 

ir.  -099,  '0000112,  '009375,  2000.      12.  *io,  xo'o,  'ooi,  *ooi,  *iooo,  loooo,  'ooooi. 
13.  (i)  *o88235294x     (2)  *oi7256637i68      (3)  '000000969932 104752667 3 131 

(4)  0090009000900090009000900    (5)  'ooooooi 2345679 I    (6)  '001163 

(7)  126*325277     (8)  007141. 

REDUCTION  OP  DECIMALS,  Page  112. 

1.  *i875,  *225,  *2o8,  *X36,  848,  0176,  *4375,  -5. 

2.  -J,  -X42857,  -69,  0588235294x17647,  -$6,  •4,  51  'Ml  a*34j,  -oog,  •i'J. 

3.  *o3448275862o689655X724i3793i,    -846x53,    -642735,    *o83,   *6ooi099989,   '6z3i2xi, 

-60x716998283,  -1509433962264,  2*6014285^. 

Page  115. 

1.  i*,A,A.  6.  357irJJM7y.  37H*8. 

».  A»  iV, +f ,  iJ.  7-  ^^-wMwUf  S^UHii' 

3-  Tht  A»  A.  8.  3iiiiio»  rf Wfr- 

4-  7if»  «o<Wjr.  io|.  9.  T^ftr,  If. 
5»  wffooi  3rtinr«  xo.  jtt  "rrt* 


XI. 

20ooiftftflflr,  7030**. 

x6. 

'OTTrtnr* 

12. 

io6mJlf,  iUih- 

n- 

iify. 

»3- 

T». 

x8. 

tV. 

14- 

wftrr* 

X9. 

A. 

15- 

2fW« 

20. 

A. 

54>  Aniwers, 


Fage  119. 

I-     'S'i,  •435416'  '^a'aii  *79687Si  •99479'6i  '•6984»i- 

>•  :»» 's^i*  'iii?,  '009375- 

3-  *9375f  •6196418571,  'T'^i.  •5»875»  •745"87946' 28571,  ir303"5f  ''651  »7'90*56»5f 

'202083. 

4.  •822i5$6,  (i)  022418560,  (2)  -538045,  (3)   179348- 

5.  1*3,  1*16302083  lbs.,  13*95625  oa.  6.     12*6102430^,  23*9861. 

7.  -788260449735,  29*530588194. 

8.  '00024350649,  '00003034894398530762167125,  -0003042056430146779,   12*2724,  *ia7y 

•000205175, 
9-    •95«8o72,  *4299287,  0695317,  •5789474*  '^S- 

Fage  123. 

'•     iC9»jf2  88.,  jf  17  78.  6d.,  jf  10  128.  6d.,  j£'2  168.  8d. 

2.  I  qr.,  10  lbs.  8  oz.,  10  oz.,  19  cwt.  2  qra.,  15  owt.  2  qrs.  4  lbs.  o  oz.  8  192  dr8.| 

4  owt.  3  qrs.  27  lbs.  o  oz.  3*6864  drs.,  7  lbs.  8  oz.  15*36  drs. 

3.  X  rd.  14  pl8.,  10  oz.  9  dwt.  18*24  grs.,  i  dwt.  \q\  gr8.,  6  oz.  7  dm.  o  so.  12  g^. 

4.  3  drs.  2  scr.  6^1  grs.,  \%^  gw.,  ii**  48«»  28!%  2<*  9»»  37"  26|%  195^*  i»»  2«  38|«. 

5.  i^  %\    6  fuTi^  26  pis.  3  yds.  aft.,    12  pis.  3  yds.  i  ft.  6f|  in.,    5  ft.  47*468  in., 

1 85**  i2*>  2i°»  44*16048*. 

6.  158.  o*236o4d.,  3  owt.  x  qr.  8  lbs.  8  oz.  15*3x4944  dwt. 

7.  62  owt.  3  qrs.  9  lbs.  a  oz.  10*889216  dwts.,  x  12594*680576  oz.,  49260172*752  oz.,  tioy. 

8.  570  17'  44*806128*,  206264*806128'' 

9-  369*4164159x68  aores,  1609x779*077335808  sq.  ft. 

xo.  X7  cu.  ft.  29511*59847552  on.  in.     xi.  106*434785  gals.     X2.  jf  2  75.  xjl^ 
X3.  98.,  38. 4^.,;£'2  7s.  4}d.,  xos.  i}d.,  85  mis.  o  fur.  7^  pis.,  73  ao.  o  rd.  2  pis.  2o|  sq.yds. 
X  qr.  4  lbs. 

Foge  124  a/nd  125. 

1.  65*5102x7,  &c.  x6.    43*039783  ft.,  6*1575164  yds.,  89*03894378  xlIs. 

2.  *o3493  X7.    277*2738  oubio  inches 

3.  *oooo66  18.     3*883  inchos 

4«  fttby  *ooxx865,  &o.  X9.  62*32x  lbs.,  35*943  onbiofeet 

5.  2ft  20,  *246857 

6.  x*25lbB.  21.  ;C2  68.  7'ftftd. 

7.  fH  22.  22*7205  tons,  8639*6805  tons 

8.  £7,  7s.  iifcd.  23.  ;f500 

9.  532A  24-  '03382351  7 ''0030,  *49867 
»o.  •3456»  '3456,  *3456,  "34561  '3456.    25-  '0434027  seconds. 

XI.  X9  26.  f 

X2.  *oooo38  27.  16000000  oubio  inohee. 

13.  7590  feet  28.  I  N.M.  =  1*15202 1.M.,  I  I.M.  =:  '86804  N.M.y 

X4.  *ooo662g7  ^'^S^St  '868421 

15.  7  ft.  5I  in.  29.  t  or  *4. 

PEACTIOE,  Pfl^d  135. 

»•  jf39»  '08.,;fi96  58.,;fi57,;f26x  138.  4d.,  ^65  88.  4d. 

2.  ;f49  18.  3d.,  >C273»;f22.7s,  6d.,j^x4  iSs.  4d.,jf2  X5S.  11  Jd. 

3.  ;fi9X2  io8.,;fi593  X58.,;fi753  2s.  6d.,  ^^5462  128. 

4-  ilM^S  »8s.  3d.,  yT 36761  128.  6d.,  ^1785  us.  3d.,  1^69  7s,  2d. 

5.        ^4628,   ;f  965,   ;C728l     IS.    3d.,  ;f  1352     I  OS.   7  Jd. 

6.  98.  io}d.,  ;C836  168.  4{d.,  £\%  178.  2^. 

7.  )fii7  OS.  3d.,  ;f  1657  58.  6JJd.,  ;C46i2  148.  ojd. 

8.  1373  tons  17  cwt.  2  qrs.,  2229  lbs.,  2  oza.,  2  mis.  76  yds.,  ^^59  38.  8d. 

9.  ,^658 1  58.,  C^sis  108.,  ;f66i   los. 

10.     ;f89  OS.  oA^.,  ^^696  68.  4K^.,  if  867  128. 

"•    /C354  38-  4d^  1^48958  6s.  8d.,  ^^4582  19s.  2d.,  1^16835  138. 


Amweri, 


549 


ia«  £344  «3«-  4^1  £9^^f  £4*' 

13.  37  tonfl  15  owt.  o  qr.  4  lb0.,  7352  tons,  i  cwt.  2  qrs.  8  lbs.,  £s62$oo. 

»4-  £^  9>-  5HW. 

15.  I  ton  I  owt  3  qrs.  11  lbs.  io|  oss. ;  cost  ^^5  78.  a^. 

16.  1336  tons  ID  cwt. ;  cost  iC^°5  'S** 

17.  £i2Jt  168.  6}d. ;  £2$^  58.  7^.  18.    5  tons  17  cwt.  3  qrs.  12  lbs.;  £24.  78.  6€l. 
19.  iC4533  18.  id.                      20.    £tit9  188.  9d. 

«'•  iC''53  '9«-f  >f444  «^8.  8d.;  ,^719  118.  8d.;  if  1327  48.;  ,^302  i6s.  8d.;  £6^t  58. 


aa, 

•    £s^z  ^  <5jd. 

23. 

£^5S  i3»-3R                   24.    ;C23  14s.  o}d. 

a5 

.    if  98  58-  4W. 

26. 

1^4114  lis.  5d. 

PROPORTION,  Poffs  140. 

1.    a7               5. 

8 

9- 

7}               13.     10-0693. 

17.    4f  tons. 

a.    64               6. 

3249         10. 

6J                14.     ij 

18.    £s  13s*  ^^' 

3.     14               7. 

18 

II. 

}                 15.    I  jrard 

4.    9                 8. 

«5 

12. 

a|               16.    a6|  yards 

Pages  140  and  151. 

I. 

;ff55  «^- 

»7. 

£S52  los.  6d.                 33. 

)f3i68ooo. 

a. 

iC7^7. 

18. 

,f  306  198.  8d.                 34. 

64  days. 

3- 

Ids.  6{d. 

'9- 

£6  108.  8Ad.                 35- 

£5  88. 

4- 

la  owt.  3  qrs. 

ao. 

108  yds.                           36. 

£1    18.  3d. 

5- 

£39  6s.  I  Id. 

21. 

i68{  lbs.                          37. 

£^- 

6. 

£492  IIS.  7H}d. 

22. 

13  fb.  2*382  in.                38. 

io«  2oU»  past  5  o'clo 

7. 

a  tons  5  owt. 

a3- 

7  years  a6i  days.            39. 

120  days. 

8. 

^d  .yh  ^o»  24i|«. 

24. 

18  acres.                         40. 

£15  »«>8* 

9- 

I  a  days. 

>5- 

a333333333i  miles.         41. 

3000. 

ID. 

135^0, 

26. 

947t  gallons.                  42. 

3000. 

II. 

£4^  15s.  lojd. 

a?. 

si  feet.                           43. 

45  feet. 

I  a. 

£16  i6s.  lottfd- 

28. 

28  cwt.  3  qrs.  8  lbs.        44. 

73M  feet- 

>3- 

ai  lbs.  5  OS.  16  dwt.  6 

gr.  29. 

108  days.                        45. 

,f  13  98.  ofd. 

14. 

a50o. 

30- 

li  day.                           46. 

26^  lbs. 

i5» 

350H. 

3'- 

4  cwt.  2  qrs.  i7TWr  ^^^»  47' 

ao6A  lbs. 

16. 

i3yd8.oqr.  i  nl. 

3». 

5  dwt.  3i}t  grs.              48. 

9  seconds. 

49- 

If 

'9396  lbs.,  &c.                          50.    21 

6000. 

COMPOUND  PROPORTION,  Pages  157 

and  158. 

I.    5  bonis. 

8.     I 

ton  0  owt.  3  qrs.  16  lbs.    15. 

13  tons  19  owt. 

a.    £2  14s.  i|d. 

9.    280000  words.                      16. 

32  days. 

3.    10  owt. 

10.     A  inch.                                  17. 

9  months. 

4.    44  0Z8. 

11.     6 

r^  feet.                                18. 

*530  yards. 

5.    125  reams. 

12.     678857I  jB^Uons.                    19. 

24  days. 

6.    £273  188. 

13.     II  hours.                                20. 

8  men. 

7'     ;f79  68.  8d. 

14.    48519*2187  tons.                   21. 

7  tons  4  cwt. 

22.     15  pnmps. 

PEOPORTIONAL  PAETS,  Paff«  i6o. 


I.    40  :  60.  2.    21,  15,  9. 

4.    48.     (16  4- 12  4"  ^  4"  4  "I*  lo)'  5* 

6.     ist,  £$6  i6s.,  and,  ^^46  88.,  3rd,  ;^i6  i6s. 


3.     1140,855,684. 
ist,  ;f  78,  and,  £6^,  3rd,  £g. 


INTEREST,  &c.,  Page  164. 

».    £61  5«*>  iC74  »8»-  >Ad.  a.    £i6t. 

4.  8s.  Si^'f£n  78-  9*W.,  £i2  19s.  7Jd. 

5.  15I,  >3«.  8«.  i««».  6.    ;f  16  17s.  o^W. 


3.    >f75  ia8.9|d. 
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Afuwera. 


80UAEE  BOOT,  Pa^e  171. 

1.  3i^3f  490*071  57M01  6.    9509900499,  1-7724538 

2.  2-23606,  -707106,  -02236,  -07071  7.    43046721,  6561,  81,  9,  3 

3.  9859.  3"7*689545i»  985*9*  3' >*7689545      «•    W»  i**  Wi  ♦*,  aJ.  af  »8f.  "**• 
4-    98*59»  31*1768954,  9*859»  3*"76895  9.     3005,  'la,  'h  '08,  -073,  -0231 

5'      '9859,  •3"7689,  ^09859,  -0311768       10.   -2005,  -003,  -333,  -156,  -22222 

CUBE  BOOT,  Pfl^tf  176. 

1.  15,  22,  42,  157,  179,  6872  3-    '4041  •»87,  -0313,  -loi,  -195 

2.  36-4,  30*02,  2-35,  3002,  279  4.     1-587,  1-91,  2-06 

5-    '5714.  '»7»»  3*667,  19-625,  2-3^33,  3-142  6.     i-44aa49- 

MENSUEATION,  Po^d  180. 

I.    1278*0625  2.     35  ft.  9  in.  3.     385  4.    296-484375 

5.    104*125  6.    19  in.  7.    144  in.  8.    25  ft.  9.    20  ft  3  in. 

Page  181. 
I.    1326-775  2.    97-5208 

Page  184. 

1.  29-8452  3.  23-562  5.  95*557 

2.  i5-3«53  4-  56*5488         6.  263-8944 

I.    i5*9'55  »•     »5  3-    S^  4.    33  5-    105  6.    8-992 

Page  185. 

I.    3216-9984.         2.    78*54.         3.    2237-518696.         4.    37-122421.         5.    74-662a 
6.    6143*0272.  7.    8535*7762875.  8.    Besolt  nearly  the  same. 

Page  186. 
I.    62.  2.    58.  3.    67-75.  4.    94*499-  5-    9*499-  6.    4-5. 

Pfl^^tf  187. 
I.    »55'92-  a-     19*098.  3.     12-73.  4-    5  lb«.  per  eq.  in.,  3-927  cir.  inch. 

Page  188. 
I.        19-0896  8q.  ft.        2.    5*399625  8q.  ft.        3.    84-8232  Bq.  in.        4.     14-1372  sq.  ft. 

Page  189. 

1.  78*54.  2.    157.  3.    15*708.  4.    7-854. 

Page  190. 
I.  375  ft.        2.  30  ft.  5}  in.        3.   3402  ft.        4.  24  ft.        5.  50  ft.        6.  a5H*09375ft- 

SIMPSON'S  BULE  FOB  ABEAS,  Pages  195  and  196. 
r.    Length  X  breadth  ^  area ;    3  breadth  X  breadth  :=  5808  eq.  yards ;    (breadth)*  ^ 
5?5!JL?  j  breadth  =  i/  (5808  X  3)  Bq.  ft. ;  breadth  =  i/  17424  =  1 32 ;  whence  length  396  ft. 

2.  loj  sq.  inches.  3.     3*927  4.     12*5664  +  7*0686  :=  19*635. 
5.    £aoh  square  mile  contains  1760  X  1760  sqnnro  yards,  and  60  feet  :=  20  yards;  there* 

fore  the  contents  of  coalfield  is  1000  X  1760  x  1760  X  20  cnbio  yards,  and  this  weighs 

1000  X  1760  X  1760  X  20  tons;  hence  number  of  years  =  l^^^^^J^-^-^^^  ^  *°  =z 
176x176x2  ^_  885^  years.    Also  volume  of  required  pyramid  =  i  X  height  X  1 10  X  90  = 

height  X  110  X  30;   therefore  height  =  jJq"^  yards  =  iftHftft  =  21212^  yards  =  12 
miles  92^  yiurds. 

6-    457  sq.  ft.  i8  in.,  and  35*7804  sq.  in.  7.    21^  in. 

8.    }.  9.     1856^.  10.    5114*5248.  II.    43*9824  sq.  in. 

12.    50*2656.  13.    27|0q.  in. 


jSM$W€T9» 


$45 


14.    364  oa.  in. 
16.    19*713  oa.  ft. 

'9-    ttAtt- 


15.    SnrftMse  571*5566;  Tolnme  1288*25335  oa.  ft. 
'7*    W  part,  nearly.  18.    9149976000  on.  milei. 

20.    5  lbs.  per  Bq.  in. ;  3*927  oironlar  inohes. 


ai.  15  ft.  xi^  in.  22.    64. 

23.  The  sar&oes  are  as  13!  to  i,  nearly,  and  rolome  aa  49^  to  i,  nearly. 

24.  Internal  diameter  49*2477 ;  area  157*85817432  in. 

25.  SnrfiMe  907*9224  in. ;  solidity  2572*4468. 

16.  '0000042921  in.  17*    3  ft- 10  in.  28.    2  ft.,  4  ft.,  8  ft. 

29.  6.  30.    Upper  13*867,  middle  3*605,  lower  2*525. 

31.  '2073  thiok.        32.    78f  lbs.        33.    Sarfi&oe  87*9648  sq.  in.,  solidity  62*832  sq.  in. 

34.  27-14342400.  in.  35.    5*1836400.  in.  36.    231-928716 -f- on.  in. 

37.  Badios  6-77  in.  38.    6221*1534  area.    3884*1534  waste. 

39.  59*446926  area.    45*146926  waste.  40.    29*338,  nearly,  diameter. 

41.  7*54  diameter.  42.    376-992  area.  43.    21-27  u^**  nearly. 

44.  *ooooooi  16  part  of  the  earth. 

SPEOinO  GRAVITY,  Pag$  100. 

I.    16523*59375  lbs.,  7*3764  tons.  2.    1139-328  lbs.  3.    15*04321785  lbs. 

4.  24*338809  IIm.       5.  88*8994  lbs.        6.  8  dwt.  12*86  grs.        7.  2o|gr.       8.  2*823  lbs. 

BUNEEBS,  TANKS,  &c.,  Page  204. 

1.  15  tons  4  owt  3  qrs.  7^  lbs.  4.    Z17  tons  4  owt  3  qrs.  27  lbs. 

2.  15  tons  12  owt  2  qrs.  6^  lbs.  nearly.         5.    72  tons  3  owt. 

3.  52  tons  4  owt.  I  qr.  4  lbs.  6.    60  tons  19  owt.  i  qr.  27  lbs. 

Page  205. 

z.    3  ft.  6}  in.  2.    4  ft.  9  in.  nearly.  3.    3  ft.  3  in.  nearly.         4.    6  ft.  6  in, 

5.  5  ft*  5i  in*  nly.  6.    7  ft.  1}  in.  7.    6  ft.  10*08  in.  8.    18  ft.  2f  in, 

CONSUMPTION  OP  FUEL,  Page  212. 

z6o  tons.  6.  70  tons  11  owt.  3  qrs.  i\\  lbs. 

172  tons  12  owt.  I  qr.  14*672  lbs.  7.  84  tons  16  owt.  o  qr.  17^  lbs. 

76  tons  13  owt.  I  qr.  9}  lbs.  8.  320  tons  3  owt.  3  qrs.  10*8  lbs.  nearly. 

93  tons  16  owt.  3  qrs.  6*9  lbs.  9.  373  tons  18  owt.  z  qr.  z6(  lbs. 

207  tons  z5  owt.  o  qr.  zz*2  lbs.  zo.  624  tons  Z7  owt.  z  qr.  3*65  lbs. 

Page  11/^ 
2.    126  tons.  3. 

Page  215. 

2*022  lbs.  7. 

I '97      M  8. 

ft  9' 

Page  216. 

81*66  basketfols. 
57*44        >f 

3.  27*87  tons. 

4.  4i'37    >» 

Page  219. 


z. 

2. 

3- 

4- 
5- 


z.    i8z*26tons. 


z.    2*568  lbs. 

2.  2-Z96   „ 

3.  2*666   „ 


4- 

5- 
6. 


z.    97*92  basketfols. 
2.    67*89       „ 

z.    45*z4toos. 
a.    49*39    f» 


2*388 


3- 
4. 


Z94*4  tons. 


2*528  lbs. 

2*644 

4*236 


4.    98*9  tons. 


zo. 

IZ. 
Z2. 


2*082  lbs. 
4-3a     n 
3*43     M 


5- 
6. 

5- 
6. 


z 05*7 7  basketftils. 
70  „ 

39*37  tons. 
4^05    u 


1 .  48}  tozis.    z  z  *6i5  tons  short. 

Z586  miles  to  ran. 

2.  32}  tons.    4*43  tons  over. 

694  miles  to  ran. 

3.  3z6  tons.    Z56*2  tons  over. 

3605  milflB  to  ran. 

▲  AAA 


4«    335i  tons.    5*79  tons  oyer. 
4867  miles  to  ran. 

5.  is\  tons.    3*76  tons  short 

438  zniles  to  ran. 

6.  363  tons.    77*7 z  tons  OYsr. 

6437  miles  to  ran. 


$4^  Afmmt. 

BOILEES,  &c.,  Page  211. 

I.    8*oa6  Ibe.  3.    6-652  lbs.  5.    6*038  lbs. 

Payd  223. 

I.  Heating  surface  of  tabes  =:  2-5  x  3*1416  (=:  7*854  droiimferenoe)  X  76  (=s  596*904) 
X  130  =  77597*5>;  Mf®ft  o^  pl*te  77  (=  6  ft.  5  in,)  X  69  (=  5  ft.  9  in.)  =  5313;  area  of 
tnbe  mouths  2}*  {:=,  6*25)  x  '7854  X  130  =  638*1375 ;  heating  snrfoce  in  2  plates  9349*795 ; 
total  heating  surface  =  86947*245  square  inches  =  603-8  square  feet. 

a.  Heating  surfiaoe  of  tubes  :=  1 62556*5942 ;  area  of  plate  =  1 1070 ;  area  of  tube  mouths 
=:  1518*12957 ;  heating  surface  in  2  plates  =:  19103*74;  total  heating  surfaces  181660*334 
square  inches  =  1261*53  xi^are  feet, 

3.  Heating  surfiioe  of  tubes  =:  7 1062*992 ;  area  of  plate  =  4860 ;  area  of  tube  moutha 
^455*532;  heating  surface  of  2  plates  =:  8808*936;  total  heating  surfooe  =  79871*928 
square  inches  ^  554*666  square  feet. 

4.  Heating  surface  of  tubes  =  x  19148*32 16 ;  area  of  plate  ^  4408 ;  area  of  tube  mouths 
=  1212*2649;  heating  sur&ce  of  a  plates  =  6391*47  ;  total  heating  surfooe  =  x>55 39*79 
square  inches  =:  87 1*80  square  feet. 

5.  795*688  square  feet.  6.    1286*028  sqoan  ML 

Pag$  224. 

X.  Pnssore  of  water  per  square  inch  =  7.^  =:  2*603  lbs. ;  2*603  +  20  =  aa*6o3  =: 
total  pressure  per  square  inch ;  114  (=  9  ft.  6  in.)  X  90  (=  7  ft  6  in.)  ^  xoa6o  =  area  of 
bottom  of  boiler;  10260  X  22*603  =  23x906*78  lbs.,  the  total  pressure  on  the  bottom  of  the 
boiler;  each  stay  bears  1*25*  X  '7854  (=  1*22719)  X  11200^x3744*528;  number  of  stays 
—  23x906*78  -f- 13744*528  ■>  x6*8  or  X7  stays,  nearly. 

a.  Pressure  of  water  =  1*735  1^*>  total  pressure  per  square  inch  =  x*735  -|-  ao  » 
ai*735  lbs. ;  total  pressure  on  bottom  of  boiler  =  262906*56 ;  each  stay  bears  1*5*  X  '7S54 
X  6000  =  xo6o2*9 ;  number  of  stays  :=  262906*56  -f- 10602*9  ^  24*8  or  25  stays,  nearly. 

3.  Number  of  stays  =  53*2  or  54  stays.  4.    Number  of  stays  =  25-9  or  26  stays. 

5.  '  Number  of  stays  =  223*4  or  224  stays.        6.    Number  of  stays  c=  178*8  or  179  stays. 

PUMPS,  &c.,  Page  235. 

X.  Capacity  of  pump  =  3*25*  x  '7854  X  i*  =  99*54945  cubic  inches;  quantity  delivered 
=  99*54945  X  t  =:  66*3663  cubic  inches ;  quantity  delivered  per  hour  =  66*3663  X  15  X 
60  «-  59729*67  cubic  inches,  which  being  divided  by  1728  gives  34*5658  cubic  feet. 

*•  3*5'  X  '7854  X  14  —  134*6961 ;  then  134*6961  X  }  =  101*022075 ;  again,  101*022075 
X  12.X  60  «  72735*894  cubic  indies,  which  being  divided  by  1728  gives  42*0915  cubic  feet. 

3-  3»"  X  -7854  X  30  X  i  -  7547*694;  7547*694  X  36  X  60  -  x63030X9*04  cubic 
Inches  a  9434*6x75  cubic  feet. 

4.  276xi7*x8  cu.  in.  :=  X59*79  cu.  ft.  5.     890643*6  cu.  in.  ^  515*4187  cu.  ft 

6.  77404*50  cu.  in.  =  44*794  cu.  ft.  7.    603187*2  cu.  in.  =  349*07  cu,  ft 

8.    743XX4*8  cu.  in.  =  424*2562  cu.  ft.  9.    941171720X  cu.  in.  =  544*6596  cu.  ft 

10.    446753*X9i68  cu.  in.  =  258*5377  cu.  ft.       ix.    580000*68  cu.  in.  =  335*6485  cu.  ft 
12.    3016359*36  cu.  in.  =  1745-5783  cu.  ft. 

H0E8E-P0WEE,  &c.,  Page  245. 

I.  Area  of  cylinder  =  62*  x  '7854  —  3019*0776;  as  there  are  X5  lbs.  on  each  square 
inch,  there  will  be  a  total  pressure  of  45286*164  lbs.,  and  as  the  length  of  the  double  s^ke 
is  9  feet,  the  power  exerted  will  be  equal  to  9  times  45286*  164  lbs.,  or  407575*476  foot-pounds 
per  stroke,  and  as  there  are  26  strokes  per  minute,  there  will  be  26  times  this,  or  xo596962*376 
foot-pounds  exerted  per  minute.  As  an  actual  horse-power  is  assumed  to  be  33000  foot- 
pounds per  minute,  we  shall,  by  dividing  by  33000,  get  the  actual  power  exerted  by  the 
engines,  via.,  321*1. 


a.  Area  of  cylinder  =  103*  X  7854  =:  8332'3o86 ;  pressure  in  lbs.  =  8332*3086  X  9  ^ 
74990*7774;  units  of  work  :=  74990*7774  X  251  =  18897675*9048.  Horse-power  =: 
18897676  -r  33000  =  572*6. 

3.  Area  of  cylinder  =:  2970*57915;  units  of  work  =  6149098*8405.  Horse-power  := 
6149098  -f-  33000  =  186*3. 

4.  Area  of  oyliader  =  4778*3736;  pressure  =  57340*4832  lbs.;  units  of  work  = 
12672246-7872  ^  33000  =  384  horse-power. 

5.  Area  of  cylinder  =  3848*46 ;  pressure  =:  51954*21  lbs. ;  units  of  work  =:  14547178*8 
^  33000  =:  440*8  horse-power. 

6.  Area  of  cylinder  =  1963*5 ;  pressure  =:  23562  lbs. ;  units  of  work  =  6832980 ;  horse- 
power ^  207*06. 

7.  Area  of  cylinder  =r  3019*0776;  pressure  =  30190*776  lbs.;  units  of  work  = 
7849601*76;  horse-power  237*9. 

8.  Area  of  cylinder  =  706*86 ;  pressure  ^  11309*76  lbs. ;  units  of  work  =:  2290226*4; 
horse-power  69*4. 

9.  Horse-power  262*06.  10.    Horse-power  584*4. 

PEESBUEE  ON  PISTON,  Page  250. 

I.    Total  preasure  34*3  Ibs^  3.    Toial  pwamie  97*5  Ihi. 

*•  M  33*5  >•  4*  »»  3®      t» 

SAEETT-VALVES,  &o.,  Page  252. 

1.  Area  of  YalTe4*6'  X  '7854  ==  16*619064;  upward  pressure  299*143,  dednotiiig  the 
weight  of  leyer  63  lbs.  Jf  weight  of  valye  10  lbs.  =  73  =  effectiYe  pressure  226*143 » 
multiplying  by  distance  from  F  to  Y,  6  =  1356*858,  and  dividing  by  distance  £rom  fulcrum 
to  weight  12  -|-  6  =  18  gives  75*381  lbs.,  the  weight  to  be  placed  on  the  end  of  the  valve. 

2.  Area  of  valve  =  3*625'  X  '7854  =  10*3206468 ;  upward  pressure  258*01617  lbs.; 
weight  of  lever  and  valve  27  Iba^ ;  effective  pressure  231*01617  lbs. ;  this  multiplied  by  die- 
tanca  from  F  to  Y  and  divided  by  distance  from  F  to  W  gives  23*8982  lbs. 

3.  Area  of  valve  =  4'  X  '7854  ^  12*5664 ;  upward  pressure  289*0272  lbs.;  this  being 
multiplied  by  2},  and  the  product  being  divided  by  19,  gives  32*8058  lbs. 

4.  Area  of  valve  =  113*0976;  upward  pressure  2035*7568 ;  weight  of  lever  and  valve 
10*5;  effdotive  pressure  2025*2568  lbs.  X  si  -f-  >'  =  337*54*8  1^« 

5.  Area  of  valve  =  143*1 3915 ;  upward  pressure  5296*14855 ;  weight  of  lever  and  valve 
ay75 ;  efifoctive  pressure  5»7>*39*55  X  a'5  -f-  28  =  470*7499  lbs. 

6.  93*396  lbs.       7.   50-1421  lbs.       8.   98*126  lbs.       9.   747*09  lbs.       10.   79*68  Ihs^ 

Pag$  253. 

I.    By  Bule  CXVm.    io«  —  9*  =  100  —  81  =  19 ;  and  19  X  '7854  X  20= 398*452 Ibe. 
By  Bule  OXIX.     10  -f-  9  =  19 ;    10  —  9  =  1;   and  19  X  i  =  19 ;   then  19  X 
•7854  X  20  =  298*452  lbs. 

a.  i3'5*  —  »»•  =  ^82*25  —  144  =  i^'^S ;  aad  38**5  X  '7854  X  15  =  75«'03875  1^ 

.  2e  5i*  —  6«  =;  81  —  36  =  45 ;  and  45  X  '7854  X  ao  =  70686  lbs. 

4.  8-f7  =  i5;8  — 7:si;aiidz5Xi  =  i5i  tbeni5  X  »6  X  '7854  =  30^'30^  U*^ 

5.  6  -|-  4  =  10;  6  ^  4  =  2 ;  and  10  X  2  =  20;  then  20  X  24  X  "7*54  =  37^'99a  *•• 

6.  12  -f  9*5  =  21*5;   12  —  9*5  =  2*5 ;  and  21*5  X  2*5  =  53*75 ;  then  53*75  X  35  = 

1881*25  X  -7854=  1477*53  1^- 

7.  1249-375  lbs.  8.    108*385  Unl 


$4« 


I. 

i'6a5 

a. 

'•i«75 

3- 

'•7i«75 

4- 

»7 

5- 

a- 1 

6. 

'9 

Po^tf  294. 

I.  40  :  3a  : :  450  :  x^  or  diyiding  first  Und  teoood  tenni  by  8  we  liaT«  5:4::  450  :  «. 
Again,  we  can  divide  the  first  and  third  terms  by  5,  whence  i  14::  90  :  jfio  lbs. 
the  answer. 

a.  36  :  a4  : :  980  :  653}  lbs.    Divide  36  and  34  by  la ;  then  3  :  a  : :  980  :  653}  lbs. 

3.  476*3  lbs.  4.    799*9  lbs.  5.    500  lbs.  6.    3a9*3lbs. 

7.  a7  —  a4=:3;  then  a7  :  3  ::  775  :  86*1,  or  9  :  i  ::  775  :  86*i. 

8.  III.  9.    170.  10.    51*4  lbs.  to  be  taken  <^ 

P€§e  255. 

7.  ra96875 

8.  i*i56a5 

HATE  AND  SUP  OF  SGEEW,  Piyw  273. 

I.  la  X  6080  =  7a96o  feet ;  7a96o  ^  19  ^  3840  revoliitione. 

a.  14*8  X  6080  =  89984  -7. 17  ^  5293'iS  revalntJons, 

3.  10  X  6080  ==  60800  -7- 15  =  4053*3  revolntioos. 

4.  11*8  X  6080^71744^  11*5  =  6a38*6rBTdlations. 

5.  la  X  6080^  7a96o^  6}  ^10944  revdotioiia. 

6.  la  X  6080  ^  7a96o  ^  aif  ^  3360  rordlatioiis. 

P^  275. 

I.  Frogressioii  of  propeller  ^19  X  69  X  60^6080^  I a-94kiiols;  fiben  100  :  (100  » 
a5:=)75  ::  ia'94  :  9*70  knots,  rate  of  ship. 

a  Progression  of  propeller  ^  17*1  X  74  X  60  -^  6080  =  ia-49  knots;  ttien  too  :  (100 
—  ao  ^  80  : :  ia*49  :  9*99  knots,  rate  of  ship. 

3.  Progression  of  propeller  =  14*5  X  126  X  60^  i096ao-^  6080  =  i8'oa9 ;  then  100  : 

(100  —  15*5  ^  84*5  : :  i8*oa9  :  I5*a3,  rate  of  ship. 

4.  Progression  of  propeller  ^  6}  X  84  X  60  ^  33600  ^  6080  :=  5*5a6 ;  tfien  too  : 

(100  —  13  =)  87  : :  5*5a6  :  4*81,  rate  of  shqi. 

5.  10*65,  rate  of  ship.  6.    9*39,  rate  of  ship. 


MEAN  FKESSUBE,  fto.,  Psyw  289. 


I.  (e)  Bt  Msthod  L — ^The  effectiTe  pressure  per  sqnare  inch  =1  ao  lbs.  -f-  15  =  35- 
The  steam  \b  cnt  off  at  |  of  the  stroke,  therefore  the  cylinder  is  divided  into  i6ths,  f  =:  ^. 
nere  are  6  parts  before  expansion,  and  10  under  expansion ;  then  aooording  to  MarriotfteTs 
liw  7  :  6  ::  35  :  30  even;  a  10^  8  =  26*35  odd;  aio  ^ 9  =  33-333  even ;  aio^io  = 
ai  odd;  aio^  II  z=  19*091  ev«n;  aio^ia  =:  17*5  odd;  aio^  13  =:  16*153  even;  aio-^ 
14=:  15  odd;  aio-^i5  =  i4even;  aio-f- 16  =  13*125  lasL  -Amm  30  4- 33*333 -|- 19-091 
-Y  16*153  +  '4  (=  ioa'577)  X  4  =  A^orjpl ;  <M»  36*35  +  ai  +  17*5  +  15  (=  79-75)  X 
a  =  1595;  next  (first)  35  +  (last)  13*135  +  410-308  +  159*5  =  617*933 ;  dividing  by 
3  =  305*978  :=  nnits  of  work  done  upon  eadi  square  inch  since  expansion  began;  and 
units  of  work  done  A^bnf  expansion  ^  35  X  6  :=  310 ;  idienee  umts  of  work  done  dutiDg 
a  single  stroke  =:  (305*978  +  a«o)  =  4i5*97S  -r  "6  =  35-998  lbs. 

(I)  Bt  linrHOD  n.— Batio  of  expansion  8-^3  =  2*667  \  hyperbolio  log.  of  a-66  is  '97833 ; 
wldeh  being  increased  by  i  gives  1*97^33;  then  35  ^  a-667  =  I3'<S3»  <^  i'97'33  X 
13-133  =  15*963  Ibs^  the  mean  prevure. 

(«)  Bt  MxraoD  IIL — Batio  of  expansion  a-667 ;  a-6  gives  in  tiie  table  of  mnltipliert 
*75aia  and  3*7  gives  *73834  the  dilbrenoe  is  138S,  iHiioh  being  multiplied  by  67,  and  tiien 
divided  by  100  gives  930  to  subteaot  Iroa  "75313,  nhepee  tiie  muHipiier  is  "74182,  and 
wOlMriBC  by  IS  8n«  Um  flMM  pMRie  ^r9f9  lbs. 
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(d)  By  Msthod  IV.—  f  :=  3  ^  8  ^  '375.  Taking  1 1  ordinates,  aoootding  to  rnle^  we 
haTO  o  (J  ordinate)  -05 ;  ist,  -i ;  2nd,  •! ;  3rd,  •! ;  4th,  -09375 ;  5th,  '075 ;  6th,  -0625 ;  7th, 
'^5357 ;  8th,  '04687 ;  9th,  -04167 ;  loth,  (^  ordinate)  '01875  >  ^^^n  '74211,  multiplying  by 
35  =1 35*974  Ibf.,  mean  preisnre. 

2.  Method  I. — Effective  preBsnre  43 ;  |^  =^^.  12  parts.  4  before  expansion,  8  during 
expansion.  £vefu  93718  X  4  :=  374*872 ;  odda  67*367  X  3  =:  134*734;  i  sum  of  first,  last, 
evens,  and  odds  =  566*939  ^  3  =  188*980  lbs. ;  43  X  4  =:  172  4- 188*980  =:  360*980  ^ 
12  =  30*082  lbs.)  mean  pressure. 

Mbthod  II. — ^Batio  of  expansion  3;  its  hyperbolic  log.  ^  1*09861  -}-  '  =  2*09861  X  43 
-7-  3  ^  30*08  lbs.)  mean  pressure. 

Hbthod  m. — Ratio  of  expansion  3 ;  multiplier  in  expansion  table  *69954  X  43  =  30*08 
lbs.,  mean  pressure. 

MsTHOD  IV.— J  =  *33333 ;  o  (J ordinate)  gives  '05 ;  ist,  'i ;  2nd,  *i ;  3rd,  'i ;  4th,  *o8333 ; 
5th,  *o6667 ;  6th,  '05555 ;  7th,  '04762 ;  8th,  '04167 ;  .9ih,  '03704 ;  ioUi«  (i  ordinate)  '01667 
=  sum  '69855  X  43  :=  30*038  lbs.,  mean  pressure. 

•  3.  Mbthod  I. — ^4  times  ttim  of  wm»  =  64*  147  X  4  =:  256*588 ;  twice  twm  of  odds  =:  41*85 
X  2  =:  83*7 ;  i  sum  of  first,  last,  evens,  and  odds  ^  386*788  -r-  3  =  128*929 ;  128*929  4* 
186  :=  314*929 ;  dividing  by  12  ^  26*244  lbs.,  mean  pressure. 

Mhthod  n.— Batio  of  expansion  2 ;  its  hyperboUo  log.  '69315  +  <  =  i*^3i5  X  31  •?-  2 
=5  26*244 1^>  mean  pressure. 

Mbthod  in.»26*244  lbs. 

Mbthod  rV. — Batio  of  expansion  *5 ;  o  (^  ordinate) '05 ;  ist^'i;  2nd,*i;  3xd,*f  ;  4th, 'i; 
5th,  *i ;  6th,  *o8333 ;  7th,  *o7i43 ;  8U1,  *o625 ;  9th,  'OSSSS  i  ^0^9  (J  ordinate)  '025 ;  sum 
-84781  X  31  =  26*282  lbs.,  mean  pressure. 

4. — ^Mbthod  I. — 4  times  turn  of  evm$  ^  72*424  X  4  =  289*696 ;  twice  turn  of  oddt  94*5 ; 
I  sum  of  first,  last,  evens,  and  odds  ^  436*696  -7-  3  :=  i45'56^ ;  145*565  +  210  =  355'565 
^  12  ^  29*63. 

Mbthod  II.— Batio  of  expansion  2 ;  its  hyperbolio  log.  '69315  +  '  =  1*69315  X  35  -r-  ^ 
=  29*630  lbs.,  mean  pressure. 

Mbthod  111.^29*631  lbs. 

Mbthod  IV.— Batio  of  expansion -5 ;  o  (^  ordinate)  *05 ;  i8t,*i;  2nd,  *i;  3rd,*i;  4th, 'i; 
5th,  •!  ;  6th,  '08333 ;  7th,  *o7i43  ;  8tii,  -0625  ;  9th,  '05555 ;  lotti,  (J  ordinate)  -025 ;  sum 
'84781  X  35  =  29*673  lbs.,  mean  pressure. 

5.  Mbthod  I. — ^4  times  turn  of  avMW  ^  69*003  X  4  ^  276*012  ;  twice  turn  of  oddt  •=. 
88*6666 ;  \  sum  of  firsts  last  evens,  and  odda  ^  139*2928 ;  139*2928  -}-  152  =1 291*2928  -7- 
10  ^  29*1292,  mean  pressure. 

Mbthod  II. — Batio  of  expansion  2*5 ;  its  hyperbolio  log.  4-1  =  > '9 1629  X  15*2  ^ 
29*1276,  mean  pressure. 

Mbthod  UL— Batio  of  expansion  2*5;  its  tabular  multtpUer  *76652  x  38  =:  29*12776, 
mean  pressure. 

Mbthod  IV.— Batio  of  expansion  *4 ;  o  {\  ordinate)  *05 ;  ist,  *i ;  2nd,  *i ;  3rd,  *i ; 
4th,  *i;  5th,  *o8;  6th,  *o6666;  7th,  *o57i4;  8th,  *o5;  9th,  '04444;  10th,  {\  ordinate)  'oa; 
sum  '768247  X  38  ^  29'2033,  mean  pressure. 

6.  Mbthod  I.— 4  times  wmofwmt  =z  226'264 ;  twice  nm  of  odd$  =  56 ;  i^  sum  of  first, 
last,  evens,  and  odds  =  ii3'532 ;  113*532  +  280  =  393'53»  I  dividing  by  12  =  32*724  lbs. 

Mbthod  U.^Batio  of  expansion  1*5 ;  its  hyperbolio  log.  +  '  =  i*40547  X  35  X  2  = 

98-383  -r  3  =  3»*794  ll». 

Mbthod  10.-32*794  lbs.,  mean  pressure. 

Mbthod  IV.— Batio  of  expansion  *66667 ;  o  (^  ordinate) '05 ;  ist,*i;  2nd,'i;  3*^*1; 
4th,  -I ;  5th,  -1 ;  6th,  -1 ;  7th,  09524;  8th,  -08333;  9th,  '07407 ;  loth  (J  ordinate)  -03333; 
•am  '93579  X  35  =  32*795  ^^t  ^eia  pressore. 
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EXAMINATION  PAPBR-^No.  I,  Page  458. 

FOR  SECOND-CLASS. 

1.  6,006,606. 

2.  Sam  86  tons  19  owt.  i  qr.  18  lbs.;  product  695  tons  15  cwt.  i  qr.  4 lbs. 

3.  Product  27 '266624.  4.    Quotient  5*5386. 

5.  Quantity  remaining  on  board  19  tons  5  cwt  i  qr,  11  lbs. 

6.  By  common  decimals.  9*6667  X  7*3333  =  70*8888  X  3*5  =  H^'iio8o  cnbio  £Bet> 
which  divided  by  36  gives  6*89197  tons  ==  6  tons  17  cwt.  3  qm.  10  lbs. 

By  cixonlating  decimals.  9*5  X  7*}  =:  70*  j  X  3*5  =  H^*'  oobic  M^  which  divided  by 
36  gives  6*891975  tons  =  6  tons  17  cwt.  3  qrs.  10  lbs. 

7.  10*25  X  24  =  246  knots ;  then  246  :  3704  : :  48  :  72a  tons  14  owt.  a  qn.  15  lbs. 

8.  Effective  pressure  25  lbs. ;  otherwise  30  ^-  26  =  4,  and  4-7-2  =  2;  ttien  15  -|^  a  := 
17  lbs.,  effiactive  pressure  above  the  atmosphere. 

9.  Pressure  necessary  to  blow  out  5*423  lbs. 

10.  Circumference  94*248 ;  feet  in  knots  sailed  82080 ;  revelations  870*9,  nearly. 

11.  Revolutions  5211*4.        12.  839*69  lbs.  to  be  taken  off.        13.  1*875  inch,  the  height* 

14.  Capacity  of  pump  5*875*  (=  %^'S^S^^S)  X  *7854  =  a7'"^57  X  ^TS  =  474*399975 
cubic  inches;  then  474*4000  XfX  n  X6o=:  208736*022  cubic  inches :  quantity  doliveied 
per  hour  =  120*796  cubic  feet. 

'5-  94*  (=  8836)  X  *7854  (=  ^9397944)  X  ai*5  (=  «49»05*S79^)  X  561*6  =  83793*8535 
•7-  33000  =:  2539*208  horse-power. 

16.    5«  =  25  X  4500  =  iia500  lbs. 

FOR  PIR8T-0LAS8. 

I.    30*003.  a.    ^736  38. 4d. 

3'  5'5*  X  *7854  X  a8  lbs.  =  665*2338  —  loi  =  564*2338  =  effective  pressure  on  valve, 
which  being  multiplied  by  3  and  divided  by  35  gives  48*36  lbs.,  the  required  weight. 

4.  14*5  +  12*5  =  27  X  a  (or  14*5  —  t2*5)  =  54  diff,  squares  diameters;  and  54  X  "7854 
X  26  =  1102*70  lbs.,  the  required  weight. 

5.  Pressure  of  water  2*386 ;  total  pressure  of  steam  water  32*386 ;  total  pressure  =:  280 
X  152  X  32*386  =  1378348*16;  pressure  each  stay  bears  2*  X  '7854  X  6500  =  20420*4  lbs.; 
number  of  stays  67*5  or  68  nearly. 

6.  Heating  surfiEtce  in  tubes  2*75  X  3'i4i6  X  7^  X  134  =  90299*0088;  area  of  tube 
mouths  2-75«  X  7854  X  i34  =  795'9047  J  area  of  plate  81  X  48  =  3888  •—  795*9^47  = 
3092*0953  X  2  =  6184*1906  heating  sar&ce  of  2  plates;  total  heating  surface  96483*1994 
square  inches,  or  670*022  square  feet. 

7.  11*5  X  loS  X  60  -7-  6080  =  12*257  knots,  advance  of  screw  per  hour;  then  100 : 
(100  —  slip)  82*5  ::  12*257  :  lo*  11  knots,  rate  of  ship  per  hour. 

8.  Ratio  I  :  2  or  J. 

9.  Mbthod  I. — f  :=  -At;  divide  the  cylinder  into  16  equal  parts,  then  f  of  the  cylinder 
will  equal  6  of  these  parts ;  25  lbs.  pressure  above  the  atmosphere  +  15  lbs«  atmospheric 
pressure  z=  40  lbs.,  effective  pressure.  There  are  6  psurts  without  expansion,  and  16-^6^ 
10  parts  under  expansion.  4  times  the  sum  of  the  even  pressures  is  1 17*232  X  4  =^  468*928 ; 
twice  the  eum  of  the  odd  pressures  =  91*143  X  2  «i  182*286 ;  then  \  sum  of  first,  last,  evens, 
and  odds  —  706*214  -r-  3  ■■  235*405,  to  which  add  (40  x  6  «)  240,  and  the  sum  475*405 
divided  by  16  gives  29*713  lbs.,  the  mean  pressure. 

Method  IE. — Ratio  of  expansion  2*66;  its  hyi>erbolic  log.  +  i  ""  i*97833)  '^^ch  multi- 
plied by  40  X  f  or  15,  gives  29*675  lbs. 

MsTHOD  in. — ^The  multiplier  is  *74287,  which  multiplied  by  the  effective  pressure  40 
gives  29*715  lbs.,  mean  pressure. 

Method  IY. — Ratio  of  expansion  *375;  take  11  ordinates,  according  to  rule,  we  have  o 
(J  ordinate)  05 ;  ist,  -i ;  2nd,  *i ;  3rd,  *i  ;  4th,  '09375  ;  5th,  -075  ;  6th,  *o625  ;  7th,  '05357  ; 
8th,  *04687 ;  9th,  *o4i67  ;  loth  (J  ordinate)  01875;  sum  '74211,  multiplying  by  40  « 
99*684  lbs.  10.    Mean  pressure  a5*aa  lbs. 
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EXAMINATION  PAPER— No.  n,  Page  460. 

FOB  SECOND-CLASS. 

1.  506,055,084. 

2.  Sum  laSa  tonB  i  owt.  o  qr.  19  lbs. ;  product  20512  tons  18  owt.  2  qn.  24  lbs. 

3.  Product  3320161*0691092.  4.    Quotient '471036768. 

5.  Qnantitj  remaining  on  board  122  tons  4  cwt.  o  qr.  17  lbs. 

6.  2875  X  io"5  X  8-25  =:  2490*46875;  dividing  by  42  =  59*296875  tons  =  59  tons 
5  owt.  3  qrs.  21  lbs. 

7.  9^  X  24  =  228  knots  per  day;  then  228  :  1507  : :  20  :  132  tons  3  owt.  3  qn.  12  Ibi. 

8.  Effective  preeeure  40*75  lbs.  9.    Freflsure  to  blow  off  5*748  lbs. 

JO.    Circumference  of  wheel  89*5356;  feet  in  knots  59280 ;  number  of  revolutions  662*1. 

11.  13*3  X  6080  .i.  25  «■  3234*56  number  of  revolutions. 

12.  24  :  (24 — iq\)  13}  ::  240  :  135  lbs.        13.    Heightof  valve  to  be  raised  2*25  in. 

14.  Capacity  of  pump  *7854  X  7*3*  X  15  »  627*80949  cubic  inches;  this  X  }  X  13  X 
60  a  326460*9348  cubic  inches,  quantity  delivered  in  an  hour;  this  divided  by  1728^(12  X 
12  X  12)  gives  188*924  cubic  feet. 

15.  64*  X  "7854  X  23*3  -  7*739*0643*  X  6  X  66  -7-  33000  -  860*87  horse-power. 

16.  4*6*  X  4500  «  95220  lbs. 

FOB  FIRST-CLASS. 
I.    Side  of  square  31*1496 ;  remainder  *i4i984.        2.    Wages  to  be  paid  ^^179  148.  6d. 

3.  31*7677  lbs.,  the  required  weight. 

4.  12  4-  io'5  "  22*5  X  (12  -~  10*5)  1*5  »  33*75  diff.  of  squares  of  diameters;  then 
'7854  X  33*75  X  ao  -  530145  1^8« 

5.  9365895  lbs. ;  number  of  stays  92*6  or  93  stays. 

6.  Total  heating  surface  1 12790*958  square  inches,  or  783*27  square  feet. 

7.  11*75  X  106  X  60  -7-  6080  »  12*29  knots,  advance  of  screw  per  hour;  then  100  : 
(100—17*5)82*5  ::  12*29  :  10*14  knots.* 

8.  Ratio  I  :  4*2,  or  5  :  21,  or  -f^, 

9.  Method  I. — 4  times  turn  of  evens  =>  98*078  X  4  ""  392*312 ;  twice  turn  of  oddt  »  70*5 
X  2  *  141 ;  i  Bum  of  first,  last,  evens,  and  odds  »  593*312  -f-  3  »  i97'77i ;  to  this  add  4$ 
X  4  »  180  before  expansion ;  and  the  sum  377*771,  divided  by  12,  the  number  of  parts  into 
which  the  cylinder  is  divided,  gives  31*481  lbs.,  mean  pressure. 

Mbthod  II. — Ratio  3 ;  its  hyperbolic  log.  +  '  ™  2*09861  X  V  o'  <5  "  3i*479  1^* 
Mbthod  m. — Ratio  3 ;  its  tabular  multiplier  '69954,  multiplied  by  the  effective  pressure 

45  graves  31*478  lbs.,  mean  pressure. 
Mbthod  IV. — Ratio  '33333 ;  ordinates  '05 ;  *i ;  *i ;  'i ;  '08333 »  '06667 ;  *05555 ;  '04762 ; 

•04167 ;  -03704;  '01667  ;  sum  69855  X  45  •*  3^*435  lbs. 
10.    Top  17*9  lbs.;  bottom  19*53  lbs.;  mean  18*71  lbs. 

EXAMINATION  PAPEE— No.  HI,  Page  461. 

1.  Forty-six  thousand  seven  hundred  and  twelve  million  three  hundred  and  eighty-nine 
thousand  four  hundred  and  sixty-seven. 

2.  64  —  5  «  59 ;  59  X  3*Hi6  .^  6  »  185*3544  •ir6='  30*8924,  or  31  bolts. 

3.  No.  of  rivets  in  circular  seam  (36  X  6)  —  6  X  (7  -f  i)  ""  1680  rivets.  No.  of  rivets 
in  vertical  seam  14  X6  —  12X7**  5<'4  nvets.    Total  number  2184  rivets. 

4.  801001  —  6001  ■■  795000.    10*  10*^  «■  15000  min.    795000  -i-  15000  a"  53  rev. 

5.  '16  X  4800  =  268 ;  18-5  X  5*75  "  106-375,  .  * .  268  -J-  106*375  =  7  ft.  2f  in. 

6.  ;f436  IS.,  jf478  88.,  and  ;f 347  48. 

7.  33  X  2240  =■  73920  lbs. ;  73920  -f-  (1480  X  h)  =•  2*08'  ^^' 

*  The  pitch  of  a  screw,  or  the  circumference  of  a  paddle-wheel,  multiplied  by  the  revo- 
lutions, and  two  figures  cut  off  for  decimals,  give  the  speed  in  knots,  nearly.  It  ia  too  muoh 
in  the  exact  proportion  of  304  to  300. 
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8.  38*  X   7854  (=  ii34-"76)  X  61  =  69181-1736  X  66  -  456S957'4576  X  60  X  |  X 
a  -  4794a5533'048o  -r  1728  «  277445*33«  1^- 

9.  63*75«  (-  4064-0625)  X  7854  (-  3»9I'9H6875)  X  6  -  (19151-488125)  X  58  X 
a  w  2221572*6225  B  1 166  X  33000  w  38478000  ^  2221572*6225  B>  17*32  lbs. 

10.  I20*  X  96'  X  5  «=»  576oo>  1728  X  35  ■  60480,  . ' .  57600  -s-  60480  -  -9524  tonB  «  19 
owt  o  qr.  5  lbs. 

11.  21  tons  X  2240  »  47040  IbB. ;  66  X  6  »  396, . *  •  47040  ^  396  »  118*79  iMUskeifiila. 

12.  Lengih  of  shaft  19  ft.  3  in.  -~  6  in.  »  18  ft.  9  in.  or  225  in.  8-5*  X  '7854  «  56-74515 
X  225  -  12767-65875.  Flanges  Bi8*  X  '7854  X  6-1526-8176;  12767-65875  +  1526-8176 
» 14294*47635, . ' .  14294-47635  +  3-6  »  3971*6879  lbs.y  or  I  ton  15  cwt.  i  qr,  22*699  Hm. 

EXAMINATION  PAPER— No.  IV,  Page  462. 

1.  6  tons  15  owt.  1  qr.  22  lbs. 

2.  4500  —  2450  B  2050;  250  tons  —  120  tons  »  130  tons;  2450  :  4500  : :  120  :  220*4 
. ' .  250  —  220*4  a  39*6  tons  left. 

3.  94  X  '16  -  1504 ;  2*5  X  4'»5  "  10-625 ;   15*04  -7- 10*625  ■•  i  ft.  4*95  in. ;   .  * .  2  ft- 
3  in.  —  I  ft.  4*95  in.  a  o  ft.  10*05  ^' 

4.  I  owt.  3  qrs.  16-5  lbs.  5.     13^  gills  per  day. 
6.    6  tons  9  cwt.  2  qrs.  12  lbs.  7.    13*42  lbs. 

8.  15*  X  25  -  5625 ;  1*125"  X  -7854  -  '9940218750 ;  5625  4-  *99402  -  5658*8,  &a,  lbs. 

9.  10^.  per  lb.  10.    1^17  15s,  3d. 

11.  4*  15^  45™.    Tuesday  ii*»  45™  p.m. 

12.  Cubic  inches  discharged  each  stroke  « 10"  X  7854  X  14  X  tt  —  755*9475  i  755*9475 
X  (95  X  2)  X  60  »  8617801*500  cubic  inches  discharged  in  an  hour  -7- 1728  »  4987*15364 
cubic  feet  discharged  in  an  hour.  350  tons  X  35  *  12250  cubic  feet  contained  in  tank, 
• '  •  iviWfn  -  2»»*456  -  2»»  27»  2i«-6. 

NoTB.-nAr  empty  is  H  foil* 

EXAMINATION  PAPER— No.  V,  Pope  462. 

I.    15  ft.  7}  in.  2.    10.  3.     £^  78.  4.    3-41797,  &c.,  gals,  per  day. 

5.  Dia.  of  shaft  18  in.  -|-  i^  in.  a  19^  in.,  . ' .  18  in.  -f-  19}  in.  ^  37*5  in. ;   19}  in.  — 
18  in.  =  1-5  in.;  37-5  X  1*5  X  -7854  X  54  X  '3  -  715*69575  l^*- 

6.  3*354»6  X  19*5  "■  65-406120,  &c.,  sq.  ft. 

7.  105°  —  60*^  —  45* ;  lood"  -7-  45  =•  22#  lbs. 

8.  5»*  X  7854  X  42  -f-  (750  X  9)  -  ty^H  lbs. 

9.  27*  —  22®  =  5* ;  22  :  100  : :  5  :  22-727  per  cent.    22-727  X  22  «  1099*9984. 
i^'    A*  X  806300  -7-  (10-25  X  35)  •"  430'i9  11>8-  "•    167*37  N.H.P. 

12.    4-875«  X   625  X  72000  -J-  (36«  X  26)  -  31*738  lbs. 
13-    31*738  -r  24  =  1-322  +  31-738  =  3306  lbs.  pressure. 

EXAMINATION  PAPERr-No.  VI,  Pa^e  463. 
I.    -0000285714.  2.     18-2.  3.    14  ft.  5f  in. 

4.  £%$  8s.,  £s4  169.,  and  ^^22  168. ;  total  >Ci63. 

5.  3-1416  X  40  X  35  -  4398*24 ;  35  X  50  X  2  -  3500 ;   4398*24  +  35«>  =  7898*24  -f- 
144  a  54*84889  sq.  ft. 

6.  6-1667  X  20*25  X  34  =•  4245*77a95;    8«  X  '7854  X  10  X   (68  X  2)  X  9°  (- 
61525-0944)  4.  1728  gives  35*6048 ;  .  * .  4245-77295  -J-  354-6048  gives  1 19»-2472,  or  i>»  59^". 

7.  6o*  X  "7854  X  3»  X  18  X  5*1  -r  1728  —  4806*6458;  being  less  than  5000  is  not 
strong  enough. 

8.  5*  X  '7854  "  19*635 ;  641  -r  '9*635  ■"  3**646,  .  •.  84  :  74  : :  32-646  :  28-76  lbs. 

9.  690°  —  560',  130**  -J-  2240  =  '05909  X  'o  ■■  -59  +  lo-oo  «  10-59  ^'^* 

10.  Mean  width  6  feet. ;  20*25  X  9  X  6  -j-  45  «  24-3  tons,  or  24  tons  6  cwt. 

11.  750  X  24  X  23-256  X  10  «  4186080  -r  2240  —  1868*785  tons  of  coal. 

12.  45'  :  41'  ::  23  lbs.  :  19*09  lbs. 
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EXAMINATION  PAPEE— No.  VH,  Page  464. 

^'     ^-^^^^  =  i^W  =  46-2. 

3.  195*  X  153*  X  ^'^S  (=  tV)  X  ^"^  =  3846-8503125  IbB.,  ." .  ;f64  28.  3-4d. 

4-  43"  X  -7854  X  4-a5  (•=  6171-869550)  ^  3-9  =  1582-53  Ibfl. 

5.  8J*  +  I''  =  9J*;  200  X  9i  -T-  36  -  1900  -T-  36  -  5»{  1^»- 

6.  40»  X  -7854  X  60  =  75398*4  "T-  ('i"  X  7854  X  1800  «)  2208-9375  =  34-13  bolts. 

7.  80^  —  76**  =«  4*  +  120®  =  124°.  8.     1 149-6  —  102  -7-  4>  "■  >4'7- 
9.  23  -i-  2-305  «•  9*978  lbs.                      10.    23-8  per  cent, 

11.  2880  X  15*  ™  9720000;  58*  X  36  «  12 1 104;  80-26  Ibfl. 

12.  i6«  X  18  X  7854  =  36'9''>5*  capacity  of  air-pump;  35*  X  7854  X  3^  =  3463^*14 
capacity  of  cylinders.  If  air-pump  had  been  single-acting  it  would  not  have  met  the 
requirements  of  the  Board  of  Trade,  but  being  double-acting  it  is  of  greater  capacity  in  the 
proportion  of  4329-5175  :  (3619-1252  X  2)>orasi  :  1-67. 

EXAMINATION  PAPEE— No.  VHI,  Page  465. 

I.    226.  2.    j^23  i6s.  8|d. 

3.    76*  X  -7854  X  7  X  51  X  23*3  =  37734814*43424  -T-  33000  *  "43*47  H.P, 

4-    ^^'^^^J.^"^'^'  -  •7094'  X  42  -  11-1364,  &c. 
9  *5 

5.    4«  X  •7854X  5  X  60 -r  1718-218166;  120  X  H-170;  3'*9<>''78  8troke. 

6-    5*5'  X  -7854  -  13*75835;   3*15"  X  7854  X  1  -  16-591575;  I  :  '69. 

7.     1-75  —  -875  -f-  1-75  X  100  «  50.  8.    At  45  cubic  feet  per  ton  20'  8 J"  long. 

9.    3*i4i6  X  65  X  5*5  "  iii3*"i- 

10.  160°  —  iio»  (»  50*')  X  7*'  -  355*0  ^  iioo  ^  -32  +  7-1  -  7-42. 

11.  9  X  9*7  —  loi  X  8-25  -  3-975  -T-  (9-7  —  8-25)  1-45  «  2-74. 

12.  8-25  X  14  »  198 ;  1600  -7-  198  B  8-08 ;  9*7  X  14  **  131*8;  1600  ^  232-8  as  6-87* 
ist  consumption  72*72  —  2nd  consumption  69*3872  »  3*333  -r  I'n  "  i'75* 

EXAMINATION  PAPEE-No.  IX,  Pa^fe  466. 

1.  Nine  hundred  millions  nine  hundred  and  ninety-nine  thousand  and  nine. 

2.  20.  3.    Sum  jf 65  158.  lod.;  quotient  j^2  lis.  7ld. 

54*  X  -7854  X  70     _  160315-848  ^  .-.,  v^if- 
^'     i-5«  X  -7854  X  aooo  -  ^53^^        ^^  ^ 

5.  22' 4*  X  13'  II*  X  16' -22-333  X  13-916  (-310-786028)  X  16*  -  4971*57^448 -T- 45 
(—  1 10-501699)  -7-  12  »  9*208,  &c.y  tons.    (Note.— 45  cubic  feet  is  allowed  for  i  ton). 

6.  Lerewge  of  weight  -  4'-375  +  4375  -  4-8.25,  • "  ■  P  -  '?°  \f"'  "  *'"'''*3 '  '^*^ 
friction  802-083  + 1^  of  802-083  »  882-291  lbs. 

7.  A's  share,  £$4  iob.  ;  B's  share,  >C44  i9b>  ;  and  G's  share,  >Cio  ni- 

8.  F  =  156°  —  1 14»  X  8-3  =  42»  X  8-3  -  348-6,  and  ^  -  348-6  ^  1200  =  -29,  .  * .  8-3 

+  -19  -  8*59. 

9.  Whole  depth  of  face  of  valve  «  si" ;  whole  width  of  face  of  valve  —  13' ;  depth  of 
valve  port  —  whole  depth  of  valve  —  2  faces  —  lo" ;  height  of  walls  above  the  face  —  depth 
of  port  —  thickness  of  back  and  face  of  valve  —  3}' ;  total  length  of  4  walls  —  63';  cubic 
inch  of  face  —  270-25 ;  sides  —  30 ;  back  150;  4  walls  —  177*1875  —  total  627*4375  cubic 
inches  -^  3*9  —  160*882  lbs.,  nearly. 

10.  48'3fi'- 

11.  0,  K  =  15  X  9*6  =  144-0;  0  K,  =  12  X  lo-i  =  121-2  ;  K^  —  K  =  lO'i  —  9*6  = 
0*5,  . ' .  144*0  —  121*2  =  22-8,  and  22-8  -4-  0-5  :=  45-6. 

12.  Days  on  voyage  at  ist  rate,  10*851 ;  days  on  voyage  at  2nd  rate,  10*3x3.    Tons  burnt 
per  day  at  ist  rate,  130*212 ;  tons  burnt  per  day  at  2nd  rate,  154*695.    Difference  of  con- 
sumption, 154*695  —  130-212  =:  24-483;  difference  of  days,  10*851  —  10*313  =  0*538 
•  * .  24-483  -r-  0-538  =  45-5,  &c.    Jin8w$n  as  before. 

BBBB 
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EXAHINATION  PAPEBr-No.  X,  Pag*  466. 

«•    >ff530  OB.  6id.  a.    i56H- 

3.  64^  X  '7854  =  3316*9984;  10*  X  '7854  =  78*54;  40*96  sq.  in.  to  I  aq.  in.  of  pipe. 

4.  £1^  38. 4d.  5.    12  tons. 

6.  30  ^  3  =  15  teeth ;  i  pull  =  3  teeth  X  12  =  3^;  15X12  =  180;  36  :  180::  i  ;5*. 

7.  9  -r  a  =  4^;  4}  •  3|  =  af  open;  37  X  a}  =  64^  area  open  for  steam. 

8.  33  X  2240  X  lA  X  a  (=  109480)  -r  140  =  78a;  78a  X  ^  -r  ^  =  9»'*33  D*- 
9-  5'5  -r  4  =  '•375  *wft  J  ''375  -r  9  =  '15*8  lift  of  valve. 

10.  |of4j,  or|of|  =  fJ=aH;  4A  +  ^tt  =  7 A <»•  po^f  g^<M^ 

11.  3a*  +  58"  -r  30  =  1034  +  3364  =  4388  -r  30  =  146*36,  Ac,  N.H.P. 

EXAMINATION  PAPEEr-No.  XI,  Pag$  467. 

I.    89*3  tons  X  2240  =:  30003a  lbs. ;  35  X '7854=37*489;  300033-7-37*489^7276*8003 

•  * .  V  7376*8002  =  85*3,  diameter  of  piston. 

a.  7  X  2240  (=  15680)  X  -055  =  8624 ;  3*1416  X  it  (=  3*^52)  X  862*4  (=  3^^86848) 
X  57  =  180169*50336  ^  33000  =  5*4897  H.P. 

3,  3-1416  X  9  (=  «8*2744)  -^SSipz  33"  X  2)  =  4284  X  ^05  X  100  =  a-i42. 

4.  ijx  2340  X  18X6  =  363880-7.(51530  X  ij  =)  64400  =  5-6348  .•.••5*634!  = 
••37. 

5-  rS*  (=  857'375)  X  51520  =  44171960;  5*1  X  15  =  76*5;  441719^0  ^  76*5  = 
577411-34  -s-  3340  =  357*77  tons. 

•  6.    3  X  2340  X  24  X  10-2  =  1645056  -r  (9»  =)  739  =  3356-59. 

7.  3-5  —  -875  -f-  3*5  =  1-625  -t.  3*5  =  65;  875"  (=  -765635)  X  '7854  X  200  = 
120*364375  -J-  (3J  X  I  =)  1*5^25  =  76*973 ;  1*635  -i-  3*5  X  100  =  65-0. 

8.  18-9166  X  19  (=  359*4i54)  X  10*333  (=  37i3'8393»82)  X  f  =  2475'8928855  X  63-5 
=s  154743-3 -ri30ooX  5*1  =^5*76590»5;  i2  0wt.  X  Ii2  =  i344lbs., .'.  1344  :  65*766  :.- 
60"  :  2"**936,  or  3™  56**  16. 

9.  Top  13*32  lbs. ;  bottom  12*56  lbs. ;  mean  12*39  ^• 

lo,    1*437  X  2  +  -1875  =  3*0625  -h  6875  =  -4454;  *4454«  X  27  =  5*35^287. 

EXAMINATION  PAPEE— No.  XH,  Pags  468. 
I.    -013  +  3*715  =  3*737. 

a.    o*ia8'  ^  -0163840 ;  '0163840  +  6*814  ^  -00340. 

3.  £it  OS.  od.  +  >C5  28.  od.  +  >C4  I78*  ^-  =  aC20  19s.  6d. 

4.  600  lbs. —>  60  lbs.  =:  540  lbs.  540lbs.at4d.per  lb.=  ^^9;  disoountat  Sper  000!.=: 
14s.  4*8d.,  whence  cost  =:  £%  158.  7*3d. 

5.  From  May  19th  to  July  3nd  is  44  days ;  from  7^  1$^  a.m.  to  7^  1$^  p.x.  is  la  hours ; 
and  from  7»»  15""  p.m.  to  io>»  30"  p.m.  is  3>»  i5"».  Total  44*  15 J^  ^  44^*6354.  Mean  eon- 
snmption  per  day  =  480  -7*  44*6354  =  10*757  tons.  Mean  speed  per  day  =  1 3891  -f»  44*6354 
:=  311*31  knots. 

6.  £i%o  +  170  +  85  =z  ^375  per  year,  . ' .  170  N.H.P.  :  i  N.H.P.  : :  ;f  375  :  ;f  3-3057 
r=  £%  48.  i'368od. 

7.  37  tons  X  35  =  1295  cubic  feet.  i»  =r  A  o^  foot  =  '08333;  1395  -s-  '08333  =: 
15540*631  sq.  feet. 

8.  34*  =  34  X  34  =  '  "5^0, . ' .  11560  -s-  1*5  =  770*66  feet  above  the  sea. 

9.  Even  keel  before  taking  in  bankers  =  19*7  ft.  -|-  19*4  ft.  -7-  3  =  19*55  iset ;  even 
keel  after  coaling  =  21*0  ft.  +  20*8  ft.  -7-  2  =  20*9  ft.,  ,  * .  30*9  —  17-55  ==  ''35  fk-  J  4831 
X  1*35  =  6508*35 ;  6508*35  -7-  35  =  '85*95  tons  taken  in. 

10.  113  4-  48  =  160;  160  :  113  : :  5  08.  :  3*5  os. 

11.  3*6inohes=  I  lb.  =  1608.;  5  Ofc  =  All>-  =  *3i25;  7*^ X  4' =  28 sq. iadh ;  -3115  X 
j*6  =  11*3500;  11-3500  -7-  38  =  -04017  of  an  inch;  -04017  X  32  ^  ''28544. 
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EXAMINATION  PAPER— No.  XIH,  Pag$  469. 

I.     IO-5*  X  18  (=  1984*5)  -r  «o  =  99**25 ;  •*  99'>»5  =  9'9^  kno*»- 
a.    6o"  X  18  (=  64800)  -T- 19*6  =  33o6'iaa ;  t/"  33o6*iaa  =  57*5  rev. ;  6o*  :  57'5*  :: 

II  :  lo'i  knots. 

3.  laooo  X  15  -f*  6  =  30000 ;  3340  X  60  -^  30000  ^  4*48  inches. 
4*    5'  X  3  -r  6  =  ia-5 ;  5000  X  60  =  300000  -r-  i^'S  =  a4ooo  lbs. 

5.  4  X  8  X  la'  -r  <6  =  a88  owt.,  the  breaking  strain,  and  ^  of  a88  =  a8*8  owt»  the 
working  strain. 

6.  50  :  58  : :  60*  ^4176  :  $/'  4176  =  64*6  revolations. 

7.  19. :  3a  : :  lo*  :  110*3348, .'.  •*  110*3348  ^  10*5  knots. 

8.  ia-a5  X  '75  (-  9'»875,  section  of  plate)  X  23  =  «"'3"5  *<»«;  875^  X  '7854  =s 
•601311875  X  a  =  raoa64375  -r  (-75  X  a'S)  =  1875  =  -64141 ;  211*3135  X  '64i4«  = 
"35*5379506,  Ac.,  tons. 

9.  Length  of  crank-pin  ^  13'  =  169  sq.  inches ;  area  of  L.P.  piston  =  7a'  X  '7854  := 
4071*5136 ;  area  of  H.P.  piston  :=  ^  of  4071*5136  =  1017*8784 ;  pressnre  on  low  pressore 
piston  =  4071*5136  X  x8  =  73287*2448 ;  pressoro  on  high  pressure  piston  ^  1017*8784  X 
54  =  54965*4336;  pressure  on  low  pressure  pin  =  73287*2448  -f-  169  ==  433*65^  lbs.; 
pressure  on  high  pressure  pin  =  54965*4336  -7-  169  ^  3a5'a3»  ftc,  lbs. 

10*    7*1  X  la  -7-  62*5  :=  1*3632  evaporation  in  oubio  feet  of  water;    1*3631  X  51a  ss 
697*9584  =  cubic  feet  of  steam;  697*9584  :  3*1  ::  3600  :  15*99  seconds. 

If.    Top  16*92;  bottom  18*60;  mean  17*76  lbs. 

EXAMINATION  PAPER— No.  XIV,  Pag$  470. 

I.    48  +  a8  =  76;  iia*  X  a8  =  3136;  48  X  aoo  =  9600;  i67'*'59  Fahrenheit, 
a.    i^.  3.    A's  shave,  >f  99 ;  ^'s  share,  1^43 ;  O's  sh^re^  ^^38. 

4.  12"  X  '7854  X  a  =  aa6*i95a  -4-  (•a5  X  6  =)  1*5  =  150*797,  number  of  slots.  The 
slots  are  placed  there  to  prevent  the  water  getting  into  the  cylinder  when  priming. 

5.  8«X*7854X  I45'  =  7a88*5ia;  30X10X5  =  1500;  7«88*5ia  + 1500  =  8788*511 
-r  3*6  =  a44i*a5  lbs. 

6.  48*  X  '7854  (=  1809*5616)  X  a9  =  5a477*a864;  100  :  a4  : :  5a477*a864  : 
1*594*548736  -T-  (la  X  10  =}  lao  =:  104*9545,  Ac.,  lbs.  per  square  inch  on  the  guide. 

7-  5  —  *875  =  4*"5 ;  8000  X  '875'  =  5359*375  rr  4"5  =  ia99*a4a ;  6*  X  *7854  = 
a8*a744;   ia99*a4a4  ^  a8-2744=  45*95  1^- 

8.  29*00  -7-  2*04  =  14*21  lbs.  pressure. 

9.  Pi  =  13*25  ;  Pa  =  17*75 ;  • '  •  (i3*»5  "f  i7*75)  X  66«  X  3*5  X  60  =  28357560  -J- 
140000  =  202*554  tons. 

10.  66^  X  -7854  X  7  X  60  X  18*36  =  26381575*94688  -r  33000  =  799*44169,  Ac,  H^*. 

11.  ao2*554 -f-  10  =  ao*a554  tons  of  coal;   20*2554  X  a240  =  45372*0960  lbs.  -7-  24  = 
1890*504,  which  divided  by  79944  =  a* 365  lbs.  of  coal  per  I.H.P. 

EXAMINATION  PAPER—No.  XY,  Page  j^'jz. 

»'  3J  +  H  =  "t**  =  "*'*7S;  VH  X  8*5  =  a7*625;  17*625  -f*  11*75  =  a*35io6»»  = 
1*  ai»  3»*8. 

1^    5  X  7*5  =  37*5 ;  4*«4  X  a  =  8*28 ;  .  * .  37*5  -s-  8*28  =  4*529  tons. 

3«    75*5  —  73*»5  =  »**5  X  3*»4i6  =  7*0686  inches. 

4.  Total  distance  run  a  165  miles ;  3iao  ^  2165  =  955  miles  yet  to  go ;  coals  burnt  490 
tons;  800  —  490  =  310,  coals  left  for  remainder  of  voyage;  2165  '  955  ''  490  :  216*14 
tons, . ' .  310  —  216*14  :=  93*86  tons  remaining  at  the  end  of  the  voyage. 

5.  -072  X  -072  X  *7854  (=  -004071536)  -s-  -75  =  *oo54286 ;  i**oo  -2-  *oo54286  =  184*1 
thioknesB. 
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EXAHINATION  PAPEB— No.  X,  Pag*  466. 

3.  64*  X  '7854  =  3«i^*9984 ;  10'  X  '7854  =  78*54 ;  40*9^  sq.  in.  to  I  aq.  in.  of  pipo. 

4.  £1^  38. 4d.  5*    <>  tons. 

6.  30  -7-  a  =  15  teeth ;  i  poll  =  3  teeth  X  12  =:  36 ;  15  X  12  =  180;  36  :  iSo : :  i  :  j*". 

7.  9  -f-  2  =  4^;  4}  —  a|  =  2f  open;  27  X  >!  =  64^  area  open  for  steam. 

8.  23  X  2240  X  lA  X  »  (=  109480)  ^  140  =  782;  782  X  *t -T-  6  =  91-233  Iba. 
9«  5'5  -T-  4  =  »'375  *"» ;  1*375  "t-  9  =  •'5*8  lift  of  ▼•Ive. 

10.    |of4i,or|of|  =  f}=:2H;  4A+  2^  =  7 A <». per gi»U<m. 

!!•    32'  +  58*  -7-  30  =r  1024  +  3364  =  4388  ^  30  =  146*26,  &0.,  N.H.P. 

EXAMINATION  PAPEEr-No.  XI,  Page  467. 

1 .  89*3  tons  X  2240  =:  200031  lbs. ;  35  X  *7  854  ^  27*489 ;  200032  -7-  27  *489  =:  7  276*8002 

•  *  •  V  7276*8002  =  85*3,  diameter  of  piaton. 

2.  7  X  2240  (=  15680)  X  -055  =  862*4 ;  3*1416  X  it  (=  3'6652)  X  862*4  (=  3160-86848) 
X  57  =  180169*50336  ^  33000  =  5*4897  H.P. 

3.  3*1416  X  9  (=  28*2744)  'r'^ir=^  33'  X  2)  =r  *4284  X  -05  X  100  =  2*142. 

4.  ij  X  2240  X  18  X  6  =  362880  -r  (51520  X  il  =)  644a>  =  5'^S48  .\  v^«  5*6348  = 
»*37. 

5-  9'5'  (=  857'375)  X  5i5«o  =  441719^0;  5*1  X  15  =  76*5;  441719^0  -i-  76*5  = 
577411*24  -s-  2240  =  257*77  *0M. 

•  6.    3  X  2240  X  24  X  10*2  =  1645056  -f-  (9*  =)  729  =  2256*59. 

7-  2*5  —  *875  -r  2*5  =  1*625  -r  2*5  =  -6$;  875"  (=  -765625)  X  '7854  X  200  = 
120*264375  -r  (2J  X  I  =)  i'5625  =  76-973 ;  «*625  -r  2*5  X  100  =  65*0. 

8.  18*9166  X  19  (=  359*4'54)  X  10*333  (=  37'3*839328i)  X  f  =  2475-8928855  X  62-5 
=  '54743'3-T-«2oooX  5'i  =  65-7659025;  12  owt.  X  112  =  1344 Iba.,  .*.  1344  :  65*766  :: 
60"  :  2«»*936,  or  2™  56**  16. 

9.  Top  12*22  lbs. ;  bottom  12*56  lbs. ;  mean  12*39  ^• 

lo,    1*437  X  2  +  *i875  =  3*0625  ^  6*875  =  4454;  *4454«  X  27  =  5*356287. 

EXAMINATION  PAPEE—No.  XH,  Page  468. 

I.     '012  +  2*715  =:  2*727. 

a.    0*128'  =  *oi6384o;  *oi63840  -s-  6*814  ^  *oo24o. 

3.  1^1'  oa.  od.  +  £s  2S.  od.  -f-  £^  i?^*  6d.  ==  j^2o  19s.  6d. 

4.  600  lbs.  —  60  lbs.  =  540  lbs.  540  lbs. at  4d. per  lb.  =  ^^9 ;  diaoonnt  at  8  per  oent.= 
14a.  4*8d.y  whence  cost  =  £%  158.  7*2d. 

5.  From  May  19th  to  July  2nd  is  44  days;  from  7^  i5»  a.m.  to  7^  15™  p.x.  ia  12  honrs; 
and  from  7*»  15™  p.m.  to  16^  30™  p.m.  is  3**  15™.  Total  44*  15^^  =  44^*6354.  Mean  oon- 
anmption  per  day  =  480  -f-  44*6354  =  10-757  tons.  Mean  speed  per  day  =  1 389 1  -f-  44*6354 
:=  311*21  knots. 

6.  ;f  120  +  170  +  85  =  >f  375  per  year,  . ' .  170  N.H.P.  :  i  N.H.P.  : :  ;f  375  :  £2'%os^ 
=:  £2  4s.  i*368od. 

7.  37  tons  X  35  =  "95  O'l^ic  feet,  i*  =  A  of  foot  =  -08333;  1295  -s-  '08333  == 
15540*621  sq.  feet. 

8.  34*  =  34  X  34  =  1 1560, . ' .  1 1560  -f-  1*5  =:  770*66  feet  above  the  aea. 

9.  Even  keel  before  taking  in  bankers  =  19-7  ft.  4- 1 9*4  ft-  -r*  2  =  19-55  ^^i  oven 
keel  after  coaling  =  21*0  ft.  +  20-8  ft.  -7-  2  =  20*9  ft.,  . ' .  20*9  —  17*55  =  **35  ft-  5  4821 
X  1*35  =  650835  ;  6508*35  -r  35  =  ^85-95  tons  taken  in. 

10.  112-4-48^160;  160  :  112  : :  5  oz.  :  3-5  oz. 

11.  3*6inchee=  i  lb.  =  16  oz.;  5  oz.  =  Alb.  =  *3i25;  7*^  X  4' =  28 aq. indh ;  -3125  X 
3*6  =  11*2500;  11*2500  -f>  28  =  *o4oi7  of  an  inch;  *040i7  X  32  ==  i'28544« 


Amw^rs.  155 


EXAMINATION  PAPER— No.  Xm,  Pa^e  469. 

1.  I0-5"  X  18  (=  1984-5)  -i.  20  =  99-aa5 ;  t/«  99*»25  =  9*9^  laioiM. 

2.  60*  X  18  (=  64800)  -7- 19*6  =  33o6'iaa ;  t/*  33o6'iaa  =  57*5  rev.;  6o*  :  57'5*  :: 
II  :  10*1  knots. 

3.  iiooo  X  15  -f*  6  ^  30000 ;  2240  X  60  -4-  30000  =  4*48  inches. 
4-    5'  X  3  "T-  6  =  12-5 ;  5000  X  60  =  300000  -T-  12-5  =  24000  lbs. 

5.  4  X  8  X  11'  -7-  16  ==  288  owt.,  the  breaking  strain,  and  -ftf  of  288  =:  28*8  owt,  the 
working  strain. 

6.  50  :  58  : :  60*  4. 4176  :  $/*  4176  =  64*6  reyolntions. 

7.  29. :  32  ::  lo*  :  110*3348,  .*.  t/*  1 10*3348  =  10*5  knots. 

8.  12*25  X  75  (-  9*«875,  section  of  plate)  X  ^3  =  a"'3"5  tonB;  875*  X  7854  = 
*6oi32i875  X  a  =  1*20264375  -7-  ('75  X  1*5)  =  1*875  =  '64141 ;  211-3125  X  '6414*  = 
'35*5379506,  Ac.,  tons. 

9.  Length  of  crank-pin  =:  13'  =  169  sq.  inches ;  area  of  L.P.  piston  =  72'  X  '7854= 
4071-5136 ;  area  of  H.P.  piston  =  J  of  4071-5136  ^  1017*8784;  pressare  on  low  preasars 
piston  =  4071*5136  X  18  =  73287*2448 ;  pressnro  on  high  pressure  piston  =  1017*8784  X 
54  =:  54965*4336;  pressnre  on  low  pressare  pin  :=  73287*2448  -7-  169  =:  433*652  Ibg.; 
pressure  on  high  pressare  pin  =  54965*4336  -7-  169  =  325*23,  ftc,  lbs. 

10.  7*1  X  IS  -f-  62*5  =  1*3632  evaporation  in  onbio  feet  of  water;    1*3632  X  51s  ss 
^7*9584  =:oobio  feet  of  steam;  697*9584  :  3*1  ::  3600  :  15*99  seoondi. 

11.  Top  16*92;  bottom  18*60;  mean  17*76  lbs. 

EXAMINATION  PAPER— No.  XIV,  Pa^e  470. 

1.  48  4-  s8  =  76;  112*  X  28  =:  3136;  48  X  200  =  9600;  i67**'59  Fahrenheit. 

2.  ij.  3.    A's  shave,  >f 99 ;  ^'s  share,  1^43 ;  CTs  sh^rs^  £fi. 

4.  12'  X  '7854  X  a  =  226-1952  -4-  ('25  X  6  =)  1*5  =  150*797,  number  of  slots.  The 
dots  are  placed  there  to  prevent  the  water  getting  into  the  cylinder  when  priming. 

5.  8«  X  -7854  X  145'  =  7288*512 ;  30  X  10  X  5  =  »5oo  *.  7288*512  +  1500  =  8788-512 
-s-  3*6  =  2441*25  lbs. 

6.  48^  X  '7854  (=  1809*5616)  X  29  =  52477*2864;  100  :  24  ::  52477*2864  : 
12594*548736  -7-  (12  X  10  =}  120  ^  1^*9545)  ^M  1^*  pw  square  inch  on  the  guide. 

7.5  —  *875  -  4*"5 ;  8000  X  *875"  =  5359*375  -f*  4*"5  =  1299*242 ;  6*  X  *7854  = 
28*2744;   1299*2424  -^  282744=  45-95  lbs. 

8.  29*00  ^  2*04  =  14*21  lbs.  pressure. 

9.  Pi  =  13*25  ;  Pa  =  17^75  J  • '  •  (n'»5  +  «7*75)  X  66*  X  3*5  X  60  =  28357560  -5- 
140000  :=  202*554  tons. 

10.  66«  X  *7854  X  7  X  60  X  18*36  =  26381575-94688  -J-  33000  =  799*44169,  Ac,  H J>. 

11.  202*554 -7-  10  =  20*2554  tons  of  coal;.  20*2554  X  aa4o  =  45372*0960  lbs.  -f-  24  =s 
1890*504,  which  diyided  by  79944  =  2*365  lbs.  of  coal  per  I.H.P. 

EXAMINATION  PAPER—No.  XY,  Page  472. 

'•  3J  +  H  =  "t**  =  "**'75 ;  |*«5  X  8*5  =  27*625 ;  27*625  -r  "'75  =  2*35io6»»  = 
ah  2im  3»'8. 

a,    5  X  7*5  =  37*5 ;  4*i4  X  2  =  8*28 ;  . ' .  37*5  -s-  8*28  =  4*529  tons. 
3«    75*5  —  73*«5  =  »**5  X  3*'4'6  =  7*0686  inches. 

4.  Total  distance  run  2165  miles ;  3120  ~  2165  :=  955  miles  yet  to  go ;  coals  burnt  490 
tons;  800  —  490  =  310,  coals  left  for  remainder  of  voyage;  2165  *  955  •*  49^  :  216*14 
tons, . ' .  310  —  216*14  =  93'86  tons  remaining  at  the  end  of  the  voyage. 

5.  *o72  X  -072  X  -7854  (=  -004071536)  -r  '75  =  -0054286;  i*-oo  -7-  -0054286  =  184-1 
thickness. 


6.  7o«  :  36oo»  ::  85  lbs.  :  437i"43;  4371  lbs.  :  10500  lbs.  ::  1'  :  2*4019;  3'i4*^  X  6 
=  18*8496,  . ' ,  2*4019  -7-  18*8496  =  *i27  or  J*  lift  of  valve. 

7.  2  X  2240  =  4480  -^  6  =  74666  lbs. 

8.  100  —  10  =  90;  '9  +  *8i  +  -729  +  *656i  +  -59049  +  •53i44»  =  4*217031 ;  4  tons 
X  2240  =  8960  lbs. ;  8960  c=  4*217  ==  1062*365. 

9.  Diameter  of  valve  6-^4=1*5;  1*5-7-4=:  '375  ;  65  +  15  =  80  lbs. ;  2*  :  '375 '  :  : 
6$  lbs.  :  12*1875  extra,  ,',$$-{•  12*1875  =  77''875  Iba. 

EXAMINATION  PAPER— No.  XVI,  Pa^e  473. 

I.    30.  2.    -fifg,  3.    2 A.  4.    7*29  days  and  5s.  6id.,  nearly. 

5.  xoo  —  15  =  85  efficient;  work  to  be  done  =  4*4167  X  23*5  X  67  ^  6954*09415; 
work  per  minute  done  by  pump  8"  X  '7854  X  n  (=552*9216)  X  142  X  '85  =  66737*637120 
-7-  1728  =:  38*621318, .  * .  time  required  to  pump  out  6954*094150  -i-  38*62x32  =  i8o"*057 

=  3*"  o™  3"4- 

6.  5'  lo*  —  3*  =  67*  -r  20  z=  3*35.  pitch  one  way ;  4'  9*  —  3*  =  4'  6*  =  54  -f-  17  = 
3*1765,  pitch,  the  other  way ;  number  of  bolts  74. 

7.  4907  X  29*5  =  144756-5  -T-  (9057  +  80)  15*842. 

8.  •875«  =  2*5  X  i/50  =  '875  X  -875  X  2*5  (=  1*9140625)  X  7'07i  =  » 3*5 343359375* 
cubic  feet  blown  out  per  minute ;   cubic  feet  to  be  blown  out  120  X  A  =  60  cubic  feet, .  *  • 

60  -r  13*5343  =  4'"'433a,  o'  4~  a5''99- 

9.  18  :  12  ::  800  :  533*333»  &o- ;  ''  •  •75*  ••  533*333  •  224*999,  &c.,  or  225  lbs. 

10.  8»  X  '5^36  X  257  =  68*8973,  &c.,  lbs. 

11.  Oubic  feet  each  stroke  32'  x  '7854  X  16*5  -f-  1728  =  7*67946;   number  of  strokes 
aoo  -f-  7*67946  =:  156*26  strokes. 

12.  200  ^  '4536  =  440*9'7  ;  £9  108. 4d.  =  2284d., .  * .  2284  -J-  440*917  =:  5*i8d.,  nly. 

EXAMINATION  PAPEEr-No.  XVH,  Pa^e  475. 

1.  2. 

2.  7963*7  X  674*3  (=5369922*91) -f- -7854 1=6837 182*2 1 ;  extracting  V gi^^Q  <^i&i&o^ 
of  cube  2614*8 ;  radius  :=  1307*4. 

3.  17  X  2  X  4  X  42  -T- 112  =  51  cwt. ;  51  cwt.  at  7s.  6d.  gives  jf  95  12s.  6d. 

4.  Length  of  shaft  without  danges  304"^,  contents  of  shaft  1 3'  X  '7  854  X  304  =:  40350'  7 1 04; 
contents  of  2  flanges  27"  X  '7854  X  8  =  4580*4528;  4580*4528 +  40350-7 104  =  44931*1632 
—  461*8152  =  44469*3480  -f-  3*6  =  12352*6  lbs.,  or  5  tons  10  cwt.  i  qr.  4*6  lbs. 

5.  One  revolution  of  counting  wheel  is  1 000000,  therefore  2  revolutions  =  2000000 ;  then 
from  007436  to  zero  =  loooooo  —  007436  ^  992564,  and  it  now  stands  at  000624 ;  hence 
2000000  -f-  992564  -f-  624  =:  2993188  revolutions,  which  multiplied  by  pitch  21  gives 
62856948  and  divided  by  6080  gives  10338*3  knots. 

6.  32  +  29  X  4  +  24  =  32  +  116  +  24  =  172  -f-  6  :=  28*6667  X  (30  X  20  =)  600  = 
17200  -7-  45  =  382*2  tons. 

7.  8"  X  14-T-  13  ■"  68*92306;  1/68*92306  ■-  8*3  knots. 

8.  28'  X  9'  -  »5»';  28'  X  I'S  -  4a";  a5»  +  4*  «  »94  X  (36  +  15  — 4  -)  47  «• 
1 38 1 8  lbs.,  or  6  tons  3  cwt.  2  qrs.  14  lbs.  pressure. 

9.  no  :  34  : :  400  :  123*64,  . ' .  400  —  123*64  »  276*36 ;  the  greatest  weight  must  be 
placed  in  forward  one,  and  the  less  weight  in  the  aft  one. 

10.    3*1416  X  30*5  X  20  X  60  ■-  114982*560  -i-  608  «  18*9116  —  15  ■-  3*9116  slip; 
18*9116  :  100  ::  3*9116  :  20*6  per  cent. 

EXAMINATION  PAPER— No.  XVIH,  Pa^e  477. 

I.   (23*7  —  7)'  -  4657*463  -T-  (40  —  36)  «  1164*36575  +  324  ^   1488*36575. 

2.    -875*  X  '7854  («  -60120224)  X  2  »  1*20240448  -rr  (is  X  2*5)  -  6418. 


i;$8  Aiuwers. 


EXAMINATION  PAPBB-No.  XXH,  Pa^e  485. 

I.  72284*43.  2.    22jinohet.  3.    ^^5  19B.  2d.  4.    About 4%  or f  flfcroke. 

5.  Ab  I  :  746,  ftc.  6.    294°*8  Cent.  7.    7*16  tons.  8.    686*6965,  ftc,  Ibt. 

9.  85*584  lbs.  10.    50*37.  II.    Working  to  4  places  of  decimals,  50*37. 

12.  1080  lbs.  13.    *442  of  a  gallon. 

EXAMINATION  PAPER— No.  XXlll,  Fa^$  487. 

I.  1187.  2.    iH,  3.    4  times  and  remainder  1^12  14s.  4.    8*617. 

5.  1*5708.  6.    4*518,  &0.  7.    80*336,  &o.  8.    120*802  lbs. 

9-  '"^  £3^  '4«.  ifW.;  and,  >ff65  138.  4iW^  10.     17*4  bolts. 

II.  78*335.  12.    4388*29  lbs.  13.    52505*414  thermal  naits. 

14*  381*3795  lbs.  15.    436*8  tons. 

EXAMINATION  PAPER— No.  XXTV,  Pa^e  488. 

1.  20  —  400  =  380. 

2.  20'  X  12'  X  8  =  <930  -f-  19000  =:  'loi*  stretch. 

3.  90  X  90  (=  8100)  X  3  (=  a430o)  -r  5870  =  4'»3.  • "  •  4*'3  X  14000  (=  578a'Oo)  -^ 
5000  (=  11*564)  -r  2  =  5*782,  area  of  i  bolt ;  5782  ^  -7854  =  7*3745.  9nd  VrVIAS  = 
2**71  diameter  of  bolt. 

4.  -07  X  60  =  4*2 ;  coals  per  hour  =  62*5  X  4*2  (=  ^62*50)  -f*  8  =  32*81  lbs.;  feed 
nsed  as  steam  per  minute  =  8  X  10  (=  80)  -f-  60  :=  1*33  lbs.  Non^ — i  cubic  foot  firesh 
water  :=  62-5  lbs. 

5.  New  pressure  »  old  pressure  4-  20  per  cent.  »  100  -)-  20  »  120;  120  :  100  : :  la  : 
10  tons. 

6.  looooo  —  00734  ""  99366 ;  99266  -('  200000  4-  2 121 1  «  320477  X  20  a  6409540  -^ 
6080  »  1054*2  knots. 

7-  6*33  +  I  (-  7*33)  X  3^  -  263*88 ;  *375  X  '375  (=  ''40^25)  X  90000  (-  12656*25) 
-^  263*88  >■  47*9  lbs.,  BidTe  working  pressure.    Again,  *375  X  8000  (—  3000)  ^  36  «  83*3  lbs* 

8.  300  X  '3  ("■  90}  +  1115  ■■  1205,  total  heat,  . ' .  total  heat  1205  —  300  sensible  heat 
<B  905,  latent  heat. 

9.  1115  -)-  ('3  X  212)  -~  212  »  1115  4-  ^3*^  —  212  <B  966*6,  the  latent  heat  of  steam; 
300  X  *3  ""  90*0  -)-  I X 15  —  I  xo  »  1095,  No.  of  units  of  heat  to  each  lb.  of  water  evaporated, 
.  * .  X095  :  966*6  : ;  8  lbs.  :  7*06  lbs.  of  water. 

10.  28  tons  X  2240  «  62720  lbs.  of  coal ;  36  X  6  (—  216)  X  48  »  10368  lbs.  of  ashes, .  * . 
62720  :  10368  : :  100  :  16*5,  the  rate  per  cent,  of  coal  lost. 

XI.  Time, 5*  17**  =  8220";  loooooo  —  918376  »  81624;  then  81624  4-43721 -{- loooooo 
»  X 125345 ;  1 125345  4-  8220  a  136-9  reTolutions  per  minute. 

".    88  —  ,  JT^.^^  ,  =  88  —  *:^  -  88  —  31*4  -  56*6  per  cent,  of  strength. 

13.  20  X  80  (a  1600)  -7-  100  (e  x6)  X  80  e  1280;  32  X  500-7-100  ->  160;  160  X  33000 
»  5280000  -r  1280  »  4125  lbs. 

EXAMINATION  PAPER— No.  XXV. 

1.  NoTB. — Allow  32  circular  inches  per  N.H.P.  32*  -f-  63'  -t-  32  =:  1024  4-  39^ 
(=  4993)  -r  32  =  156  N.H.P.  i2Xx8  =  2x6sq.  inches.  Diameter  H.P.  cylinder  squared 
=  32"  =  1024 ;  X024  X  '7854  (=  804*2496)  X  60  (=  4825*49760)  .^  2x6  a  223*4  lbs.,  the 
strain  per  sq.  inch  on  crank-pin. 

2.  Diff.  of  consumption  =  xx  —  xo*8  =  0*2  tons.  Knots  per  day  =:  8*4  X  24  «  201*6 ; 
time  of  voyage  *»  7000  -^  201*6  *  34*7  days.  Tons  saved  in  consumption  on  a  run  of  7000 
miles  a  34*7  X  '2  »  6*94  tons.    Goals  carried  «  2200  tons  —  1800  tons  »  400  tons, . ' .  400 

-f-  6*944  tons  »  406*94  tons,  the  total  quantity  saved. 


( 


960  Anmoen. 

10.  1800  X  S  -^  62*5  a  230*4  oubio  feet  of  feed ;  doable  feed  »  230*4  X  2  a46o*8 ;  60  Ibe. 
(gauge)  -('  '5  lbs.  (atmoephere)  »  75  lbs.;  v^75  »  8*64;  8*64  X  800  a  6912;  460*81  -f- 
6912  B  *o666;  *o666  -^  '7854  «>  '0848 ;  |/  '0848  *  *29  of  an  inch  diameter. 

EXAMINATION  PAPEE-No.  XXVH. 

1.  (14  —  •o7)«  -  i3*93«  =  194*0449;    10  —  •«>3  -  9'997*  -  99*970002;  1940449  — 

99*970002  a  94*074891. 

2.  6  ft.  4i  in.  »  76*5 ;  2  ft  i  in.  »  25  in.,  . ' .  76*5  X  25  »  i9i>*5  bQ*  u>*  -t  144  » 
13*28125  aq.  feet. 

3.  82  of  tin,  8*28  antimony,  8*28  copper  »  98*56  lbs.  of  metaL 

4.  28  X  10  -r  12  «  23*3  lbs. ;  23*3  lbs.  of  tin  at  is.  3d.B  £1  9s.  2d. ;  2}  lbs.  of  antimony 
at  3s.  4d.  B  78.  9id. ;  2}  lbs.  of  copper  at  7d.  per  lb.  *  is.  4)d. ;  total  £1  1 8s.  3}d. 

5-    296  X  33^  -  99456 ;  V  99456  =  3«5*3  1^- 

6.    Ghiage  60  lbs.  +  (atmosphere)  15  lbs.  =»  75  lbs. ;  "^  "V^°°  =  Mf*  "  22*0394  of  steam 

to  1^^  of  water ;   cut  off  ">  22*  4-  (clearance)  »  1**5  »  23*5  lbs.,  . ' .  23*5000  -r  22*0394  <■ 
i*o6. 

7-     afx-^yf^^-'^rtW*'- 94  feet  per  second. 

9.  17  fL  :  8  ft.  : :  4  tons  :  1*882  tons*"  i  ton  17  cwt.  2  qrs.  1568  lbs. ;  17  ft  :  3*5  ft.  : : 
4  tons  :  0*823  ^<>>^  *  x6  cwt.  i  qr.  23*52  lbs. ;  this  weight  on  B  »  4  tons  —  i  ton  17  cwt. 
2  qrs.  15*6  lbs.  »  2  tons  2  cwt  i  qr.  12*4  lbs.  4"  i6|cwt.  i  qr.  23*5  lbs.  -f-  8  cwt.  2  qrs.  {\ 
weight  of  beam)  »  3  tons  7  cwt.  i  qr.  7-9  lbs. 


C« 


10.     —  »  *4  of  a  ton ;  C*  «  24  X  *4  ■=»  9*6 ;  ^9*6  —  3*098,  giiih ;  100  —  75  =  25  ;  100  : 
25  : :  9*6  :  2*4  lbs. ;  then  9*6  —  2*4  «  7*2  tons,  the  breaking  strain. 

EXAMINATION  PAPEEr-No.  XXVJLLi. 

I.    34»'-6.  2.    496.  3.    3*19.  4.    £ii  4s. 

6.     159*6  tons ;  area  5880  sq.  feet.  7.    5288  lbs.  per  sq.  inch. 

8.  {66^  —  32«)  X  -7854  (-  2616-9528)  X  22  (=  5757»'96i6)  X  7  X  5°  X  2  - 
40301073*1200  -^  3300  *B  1221*245  I-H.P.;  consumption  in  24  hours  »  1221*24  X  23  X  24 
■7»  8i  =»  81712*37  lbs.  -r  2240  s-  36*478  tons. 


TABLE    I. 
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